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[»#«5] »*3S1 *"feAU y&rJ >&=l- KtSDNAm 

[Sf#£7] 8f:*#lI3<R©*-*-fe/l/y >A^-f>* fettle ©JfeSr^bTJQ: 
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#3* 10 — 350377 

[0 0 0 1] 

isfc&tLsmmmib**<Dwn<&mm& (egf^) &ffi«3itfc^>f> (&> 

[0 0 0 2] 

;mfr*>tezm&&m?-T**(D±T $ jmm^m^-^iz^tix^^ csasa 

3>X (Biochen. Biophys. Res. Commun.) , 190:1173 (1993)] „ <<— 

mm^mmmm, mm^m±^.mmzMLx^mmi&mm^. (eg 

F^ft) ^ffSZ:i:*^e>^i:«:ofc [Shing£> ; (Science) , 25 

9 : 1604 (1993)] „ # -fe/1/ U > ttttK*#fcffilWUK:fl2ffl IT, >f 

Z>ZL£tfm<b-fr£&vtc [Mashimab ; V*?—)-fr *7 >?V—j3J]s 4>\Z. 
*"rJ >f-Z/&> (J Clin. Invest.) , 97:1647(1996)] „ 

atBWtSfcifCD^Bfr- ?frgeM£LT^ffiT'&£%©fc#;ie>*l& [MiyagawaP,, 
1 9 9 7^H*fMf^ KlSei, 125] £fcrtta*T 3 V* 

) c 

[0 0 0 3] 
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[0 0 0 4] 

-fe ;i/ u > ©afc^c «fc y JPNI /s MM^<D-frittiimm& b * * ¥?f SSUHflS^ 

[0 0 0 5] 

( 1 ) ^-#-fe;i/U >©N*SB3^e> 1 &V^4 0<H<Z>7^ 7^S#:K3cL-^ 

g& $ ti ^ - # -t ;v y > A^>f > * ©tfc, 

(2) N*jg*ve> 1 fcV^4 Of©7^ y^»J^3;LfcJtiB (1) flE*©^ 

- # -fe ;i/ y > Af>f > £ &^©iiL 

(3) : i -e^^tisr^ yMB#r, ©bh#i## : it^3*i&7^ 
SB (i) **;i/y >A^>r >'*fett*©*6[. 

(4) <D@g#J#-^ : 1 T'^Stl^T^ «/BME#l, (DgB#I## : 2T'g§^57^ 

3 ffiHf^ 1 1-3094625 
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(5) ±SB CD fE«©^-#ir;i/'J >A-5M >£=2- FfSDNAmtS 

(6) jiih (i) sa«©^-^-fe;i/u >^^>^t^tt<D^^mLxt^^m 

(7) ±|H (1) mm<D^-$^KV>2±'rJ>$.fc\*Z<Di&*:^mLXte2>m 

[0 0 0 6] 

^-#iz;py Sasada£> ; A-f;fr>r = • T> K • 

Z7-(i/j3?V' W-?- • 3 5 =L—fr — i/myX (Biochem. Biophys. Res. Commu 
n.) , 190:1173 (1993) IC|5^© £ £ *J > Asp Gly Asn Ser Thr Arg Ser Pro Glu 
Thr Asn Gly Leu Leu Cys Gly Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr 
Gin Ser Lys Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr 
Cys He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pr Ser Cys Val 
Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Leu Phe Tyr (gH 

35) vm-s^zr^ jmmmt^m-t&tfy*-?* For nzm^-? 

4 ffiM#¥ 11-3094625 
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5. 

±ib© mor s. jm^%L<iti&(o^zf^ pmiznmztit-^-zizjvv y 
y»si*»e>a^zi cwt*tt) 7^;sstbt 

[0 0 0 7] 

5 y»»aSLen%L<l*C^flB3^e,4#a(Z>r$ >?flft8£Asp&-£trl fcV>b4-f@ 
©7^ >>»»£#*$c*fctt«l©7^ y»3S36 J bL< liffiOD^y^- KgUcgg|£ 

(1) K-jtlzfrV >©N5f5Si**fe 7 6#B£T*©7 ^ /MB£I (Asp Gly Asn 
Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro Glu Glu Asn 
Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser Arg Cys Pro 
Lys Gin Tyr Lys His Tyr Cys He Lys Gly Arg Cys Arg Phe Val Val Ala Glu 

5 tfJSE4$¥ 11-3094625 



10 — 350377 



Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg 
Val) ZU&L. Cjfcmfrb 1 &V^4#S©7^ J (Asp Leu Phe Tyr) 

^ ^^SAsp^^l fcv>L4{@©7^ ;^S^tfeliflfi07 5 JW.&. 

m*) v< lifts (o^zf?- Fmizn&znfes<-$±jvv y&^-^y, ^^.n 

(D Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp 
Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe 
Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys Gly Arg Cys Arg Phe 
Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr lie Gly Ala 
Arg Cys Glu Arg Val (IE#I## : 2) T**£ *l£ 7 ^ J ®?gB#J£^&"r Z>^- 

© Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp 
Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe 
Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys Gly Arg Cys Arg Phe 
Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr He Gly Ala 
Arg Cys Glu Arg Val Asp (@B^J## : 1 ) T^cS 7 ^ J W.Wffil&'iSM'ir %> 

<D Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp 

Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe 

Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys Gly Arg Cys Arg Phe 

Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr lie Gly Ala 

Arg Cys Glu Arg Val Leu Phe Tyr (IB^J## : 5) "C^S *l£ 7 @&SE#J§: 

® Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp 
Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe 
Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys Gly Arg Cys Arg Phe 
Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr He Gly Ala 
Arg Cys Glu Arg Val Leu Phe (IH^i## : 6) T*^£*l£7^ J WMn^M 

•T£"<-#iz;i/y yj*9-4y. 

6 ffiSE4$sp 1 1-3094625 
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(D Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp 
Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe 
Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys Gly Arg Cys Arg Phe 
Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr He Gly Ala 
Arg Cys Glu Arg Val Leu (IB#J#-!§- : 7) T'^t $ tl 5 7 $ J WEM * isM ~t Z> 

© Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp 
Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe 
Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys Gly Arg Cys Arg Phe 
Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr He Gly Ala 
Arg Cys Glu Arg Val Asp Phe Tyr (gg^J## : 8) ti§n5 7^ JfflMWZ: 

Z> * - * ± U > A^-T >> 
® Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp 
Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe 
Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys Gly Arg Cys Arg Phe 
Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr He Gly Ala 
Arg Cys Glu Arg Val Asp Phe : 9) T~m&ftZ>7$ SWLMttt'&M 

® ^-^iz^y ><Z>C5M§*Mb 3f@07^ ;i^S (L e u) j)m<D7$. J 
[0 0 0 8] 

(2) ^-#-fe;Wj >©N;fcjBj&*£> 1 &^L4 0t@Jt'O7^ J W&Mk (Asp 
Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro Glu 
Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser Arg 
Cys Pro Lys) &fti£L,T J: < ^ 

N5fc3gfr!?>4 l#g&V^7 6#@CDT$ J ^@H#I (Gin Tyr Lys His Tyr Cys 

7 milSf^ 11-3094625 
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He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 
Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val) U C5fc3gj^e> 1 

&V\b4#g07$;SI^S (Asp Leu Phe Tyr) iCfcV^T, C5fcjS#&3#@ 
©7^ y^a»Leu^L<ttC*Sg^P ) 4^g©r^ / M^fiAspfc-g-fr 1 y\ L 

^ (Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp 
Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe 
Ser Arg) IT =fo «fc < . 

N^3§5^e>3 8#B&^L7 6#gtf>7^ y^IB?!! (Cys Pro Lys Gin Tyr Lys 
His Tyr Cys He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser 
Cys Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val) &&W\->. 
C5fc3g^e> 1 fcV^4#@tf>7^ (Asp Leu Phe Tyr) lCfcV>T, 

e> 3 # g <D7 $ J mmmLeu% L < It Clfc&fr £ 4 # g <D7 $ J ^«As P £ 

(D Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He 
Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp 
Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val (@e#|## : 4) T*m-£tlZ>7 

<D Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He 
Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp 
Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp (@B#I## : 3) T^m^tl 

(D Arg Lys Gly His Phe Ser Arg Cys Pr Lys Gin Tyr Lys His Tyr Cys He 
Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp 
Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu Phe Tyr (@B#I## : 1 0 

8 mSE#¥ 11-3094625 



10-35037 




® Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He 
Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp 
Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu Phe (IB^J## : 1 1 ) t* 

© Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He 
Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp 
Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu (gg#J## : 1 2) 7?^$ 

© Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He 
Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp 
Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Phe Tyr (IB#J#-!§- : 1 3 

® Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He 
Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp 
Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Phe (®J#J#-if : 14) f 

® ^-#-fe;i,y >©N^3g§^P> 3 1 8 0#@©7^ smmFiT-mzftz 
SP#^^ KlCfcV>T> C^3Sg^e>3#S©T$ Sm&m (L e u) &m<DT$ 

J i^it-gi £ ti - # -t? ;i/ u y &r <4 y & vf *i z> . 
r>(y$.tc.i$mpm-% : 4T*sn5^-*t^ij y^^y-fymicts-^v^m 

[0 0 0 9] 

_tlB (l) , (2) lzmifc<D&&m<D'<-*iz)]sV yk>=r>{ y<Dft£. Ov^jtf 1 
#^ : 1 y^@H3m<Z)N^3S^P> 1 fc^L4 Of@©T$ 

9 1 1-3094625 
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$ e> ic^* v < it, (d@b^j## : i x*mz tis r ^ j mmm. : 2 

[0 0 10] 

e>©^-^-fe;i/V >Af>f >ttc*^#&S;fc;i^^>;i/* (-cooh) 

tK^^/I/- h(-C0(T)-e&£#, C*ig««T5 K (-C0NH 2 )*fettn:^^;i/(-C00R 

;k -ry^ , atr;v=foL<ttn-^;i/^^©c 1 _ 6 r;i/^r;vS> ^^n^>^;v 

©c 6 _ 12 T';-;i/S, 'O^, 7i^f^, k y 7 3L—/1/ - 

C i-2 T;I/: ^ ;K * ;b< lta —i-yJ-^zi-fri&Eo* -t7f^/-c 1 _ 2 7;^ 

;i/ s> * ^ ;i/ ZK =f & if b *i s „ 

«flft u>m> *fls*3RM, mm) &2>w*mmm m 

Mt* ^"ntr^^ifc, 7?;i/gi, vi/>f>E nj\#m. m^m. 

irmym. Vz/dWt* is^VM. £&mm. **yxjv&ym. *>if>xfrft 

[0011] 

X^fi^x lf< - * 1&M1Bcd«* ic «fc y # a, ti t- K - * ;v y y £ i y 

1 0 mU%$¥- 1 1-3094625 



10-35037 



IC J: oT <5£fc#T?£S. 

m*. mm. wsx. fjvmm. ^nvh^7>f-, >ft>^Dvi>^ 

[0 0 12] 

(DM. Bodanszky £<fctf M.A. Ondetti, K S/^-feS/X (Peptide Synthes 

is), Interscience Publishers, New York (1966^) 

©SchroederfcitfLuebke, if ^>f^F(The Peptide), Academic Press, New Y 
ork (1965^) 

®Mf*«s, F&f&vmmum^ nmm) (1975^) 

<£>&mmm &£z$mm&^ ^t^mmmm u zyrtv^mtmv. 205. ( 

1977^) 

®$c»i&i»ffiik fitmm&omft mim izf.* F&j& &)imm 

[0 0 13] 

1 1 ffiSESf^ 1 1-3094625 
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mm. pamjm. 4-nKn^ri/^f;^f;i/7i-;i/7th7$h^f;« 

, jKUr^U/I/T^ KIHfll. 4 - (2* ,4'-^* h^rJ/7x^l/-t: Kn#$/* 
7i;^J/»l, 4- (2' ,4*-S?^ h#e/7a:r.;i/-Fmocr^ 

) ^oiy *i/mm&¥zmfz>z.£tfT*zz> 0 zazotemmzm^. <*-t^ 

^ F^fc LT&DCC, N,N'-*M V:7°abr;i/#;i,/KSM ^ F, N-ai^^-N* -(3- 

?>3@l:^$tie>So fc£;UiN, N-$;;*^;i//ft;i/Ay^ f. n, n-s?*^ 
izmmznmzzttfmbnT^zmmfrbm&miRtsn, mnm- 2 o-c~5 

1 2 mSI#¥ 1 1-3094625 
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ttftff£®ffilfil =fe ff e> r £ & < fi^SJS &tt »J ag-f d i: K J: y -Hfrfc 

mwr$ jn<»r^ ;i©§iit uri*. z, boc, #->>^y 

^/l/^S/fc/l/Jj?— ;K Cl-Z. Br-Z. T#~?y?-JVy!r3risf3)V#—)]/^ hvy 

i:btii, fchx.«Rfc LT_bfHb fcCj.gT c 3 _ 8 ^* n 7;i/3f;i^ 

. C 7 _ 14 7 7fl/*^0tt, 2-7#"^>3 L ;K 4--hD^>^VK 4-*h 

t/ * ;i/ jKn m h 3f > # ;v - & if © mm <b $ n 2> m if if 

KntT 9—^/16, y -^^fcif^&So 

^Di/>©^3iy-^/tt*m»©#^i:bT», fc^^tiBzU Cl 2 -Bzl, 2 
--hn^>^;K Br-z, >^ y -^;i/&if##tf e>nSo 

^^^/O-^^X;!//^^^ DNP % ^>^;i/^-^rS/^^-;i/, Bum. Boc. Trt. Fm c 

1 3 tfiSE4f ^ 1 1-3094625 
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;K A7-hD7x;-;K HONB, N-fc Ka^i/X? h\ H-tKn^^7* 
;i/-f^F> HOBt) Lft^TsTfrl &£##lf £>*i£o M^ODT^ 7S©^tt-ftS 

[0 0 14] 

;*#?i^./-;k ^*^-;i/*;i/>^ k, i,4-:/*>s;^:*- 

ffl v n ti s ^ ;i/ ^ i±_hga © i , 2-a: # > ^ * - ;k i , # > s; =f- * - ;i/ 
Stf>flBil, W^f £ WtBS©?SM;& iftt^ol^S vni£;2fl<z>3^;fr 

T^g?) h*mmis. Z.<DM^^ K$:_hlBbfc«ke>^^^*T*ii9l^$* 

1 4 ffiSE^ 5 ? 11-3094625 
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[0 0 15] 

6 1 fc^l^HgOT^ y g?^lCfcVNT, C 5fc3^ 3 # g CD T * ^^»Le 
u=foL<liC^^e>4#g©T^ y^SAspS:-g•t^l^v^L4'|@©T^ y^^S 

y Kt 5 D N A tS D N A tfetl«V>^!&S tiOt'feo 

y ^ jmmn*^M~$- &*<-#-fe;vy >i*w>§::=r- K-r-s^ssB^j^^-w-r 

<fcy*#:«JlCtt, : 1 &^LS2#J#-i§- : 1 4 -e^tl&T ^ JWM 

M^-g-^-TS^-^-fe^y KfSDNAtttH B2^J## : 

1 5fcV>LBB3«-J§- : 2 8tg$n5S»@e^tSDNA^tSDNA 

„ (2)* h y h&3kftTT*{l)T*Mfetititc.mmiis\J7V ^-f x-rsns 

SLliS*©DNA 4 (3)»^zi- FcDiitficDfc&CnfcJ:^)^*?)*,;^-^ 

5BB#i£>>w ^y <y ft£/&l&v>#, 1^-75 y®me#j&%o3Ky ^zf^- F£n 

ITU #J;U£4 2-C, 5 0%*M7^ F. 4XSSPE(1XSSP 
E=150mM NaCl, lOmM NaHgPO^HgO, ImM EDTA pH7.4), 5Xr>/\-hj§E 
0. 1%SDST*&5„ 



1 1-3094625 
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[0 0 16] 

^mm<DK~^±j\yV ^-#-&;i/U fi-sd 

n a & &m -t & i&M$&&<b & mm-t & 3 h iz j: o t m& i" * m& iz m v * ti § * 

LTWU *JME&5fc©^X^ K («. PBR322, pBR3 
2 5, pUC 12, pUC 1 3) , ttmSfi^CD^^X^ K (M, PUB 1 1 0 
, pTP5, PC194) , iffi^7X^K (M, pSH19, pSH15 

b T m W & -f U =E - # - T? & tlti V \ & % OD T* % J: V x „ 
[0017] 

, T7^n i E-^-, lac/n^-^t- r e c A^D^-^-, ^P^O 

^e-*-, l p pT^n^-^-^i:'^ H±^f wiit^siMt SP 

Ol7'D : E-^- SP027'D : E-^-, p e n P^D^-^-^K, 
&MT~%>2>m&i*. PH057'a ! E-*-, PGK7°D ; E-3i-, GAP^O^E 
ADHl^D^-i!-, G A L^O*e-* UV\, ?§±#g 

V4 0 o r i fc£ £^LTV^*><D£ffiV^:ii:#T* 

1 6 ffifE^iCT 11-3094625 
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tS. M?-*-i:LTIi, ^iH Knag»3S7C»3S dhfr 
^H&^-r^^^feS) C^VM/^r-fe-h (MTX) 1H£) „ T>bfi/ 

y^witate^ oar* Amp'iuiitsi^s) „ **-7>f 

^ (J£*T. Neo^BSttS^^S, G4 1 8 ©ft) *##ijr£>*l5 Q # 
IC. CHO (dhfr") ||J|^VATDHFRli?^IiR7-A-i:Ug 

ge#i, ompA • s/y-t-frmminZifi* m^^jv^mmx^^m^it. a-r 

ZL©<fce>lCbT«^$tlfc^-^-fe;i/y KtSDNA^M 
[0 0 18] 

?g^i:bTti, fcii^.tfxs/aiy trii, A^^^mm. mm* 

xi/i)Jt7litbta, iS/i'JH7 • n'J (Escherichia col i) K12 

•dhi (^ns/-i?>yx - • if - -?-S/3^;i/ • y*^- • • if>f 

- • if • rL-m^i- (Proc. Natl. Acad. Sci. USA) , 6 
03£, 1 6 0(1 9 6 8)], JM103 [51 * -i V y V • T t/ V X • V if 
(Nucleic Acids Research) , 9^, 309(1981)], JA221 [^-V — 
-f-;i/ • Jt-f • €l^^ra7- • /W>*"n$? — (Journal of Molecular Biology) ] 
, 12 0 m, 517(1978)), HB101 iP^-±JV • yf? • ^EI^zl^ 
- • A>f>M3*?-, 4 1i, 459(1969)) , C600 C^cn*^ ^ * X 
(Genetics), 3 9i, 4 4 0 ( 1 9 5 4 )) , MM 2 9 4 (^nS/-J?>yX- 
• if • f-^a^;i/ • T^t 2 ^ - • • if>f x> • • if • rL-n: 

1 7 11-3094625 
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XX- (Proc. Natl. Acad. Sci. USA), 7 3t, 4 1 74 (1 9 7 6)) ft 

Af^Hiilttt fr£?UZA?-;\;X - (Bacillus subtilis) 

MI 114 IV-^s, 2 4i, 2 5 5 (1 9 8 3)), 2 0 7-2 1 iW—f-fr 
• iff ■ aMJ- (Journal of Biochemistry) , 9 5§, 8 7(19 

8 4)) ft£#ffiVM*>*l£ 0 
[0 0 19] 

if ilbTH fr£ 7b n V-Y-feX -fcl/fcfS/X (Saccaromyces cerev 

isiae)AH2 2, AH22R" NA87-11A, DKD-5D, 20B-1 

Miibtn mx&tij =3©^&mftii*^fflv^^s Caffffle>, *-r^- ( 

Nature), 315 592(1985)) „ 

$kWtitffl!k (Spodoptera frugiperda cell ; S f MM) , Trichoplusia ni©tfi 
flifi3fe<Z>MG 1 H> Trichoplusia nitf)#p&3feCE>High Five™H, Mamestra b 
rassicaeft5fcCD$fflflS££:&Estiginena acreaft5fetf>j$|HjBgft W *l£„ tf-f 

^^BmNPVCi^lt Hfi3Rt*<bMflS (Bombyx mori N; BmNM) ft 
£#ffiVNe>*l3c f H£bTtt, ixtl Sf 911 (ATCC CRL1711) , 
S f 2 lffijfi [J^J:, Vaughn, J.L. <b, -f > • tf>f hO (in Vitro) , 13i, 
2 1 3 -2 1 7H (1 9 7 7*p) ) ft£*#MV>e>*l£., 
i&^SfflSSi: bttt, ti:^.«t;i/COS-7iiliia, VerojffljBS, f t>f--X 

(dhfr-CHOii) , V^XLH, V^X3T3*Bfl&, V^X^XO- 
VjfcMg, thHEK2 9 3«, thFLiE 2 9 30E C127IDE B 
ALB3T3»]|, S p - 2/Offll!&ft£#JSV>ib*l&o 

Pr c. Natl. Acad. Sci. U S A) , 6 9 3§, 2 1 1 0(1 9 7 2)^>^-> (Gen 
e) , 1 im, 1 0 7 (1 9 8 2)ft£lCS3^©:fr&lCf£oT*?ft:bn£„ 

18 (fiWll-3 0 9 4 6 2 5 
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;i/ • V^l% ; tAv^ZK (Molecular & General Genetics) , 1 6 8^, 1 1 1 ( 

BNSfcTgJM&rrsJctt, fei:^.^nt/-^>^ - • if • a 
• 7 #-5*3 - • • if-f:n>WX • • if • i-xxi- (Proc. Natl. 
Acad. Sci. USA) , 7 5i, 1 9 2 9 ( 1 9 7 8 ) &CfB«©;£&{Cf£o Tff 

[0 0 2 0] 

&mfflJfc*fcttS&&?g««&'**lctt, fciiiWt/ri'yDi;- (Bi 

o/Technology) , 6#, 4 7-5 51 (1 9 8 8^) & £?lCfE«©#&lCt£o T 

IMMBJtefc^eigiil** SlCfc*, fc^Atf^V DD^- (Virology) , 5 2% 
4 5 6(1 9 7 3)(Cfa«©^MtC^-oTfi : Jfefc4xSo 

&^*#-<MJ^©#A:£&£: LTfcJ:, U^7jc^S/s>Ss CFe 

lgner, P.L. et al. -?uS/—*?Z/>fX • • if • • 7^7^ - . 

• 1?->f X - • if • n-ixi- (Proceedings of the Natinal 

Academy of Sciences of the United States of America) , 8 4i, 7 4 13 
1 (1 9 8 7*£) ] , V >m33)Vi/VJ±&. [Graham, F. L. and van der Eb, A. 

J.tf-f □ □ is— (Virology) , 52 #, 4 5 6-4 6 71 (1 9 7 3^) ) , 
«^,§£?L^ [Nuemann, E. et al. oc>^- t>^—i~?V (EMB0 J.) , 1^, 8 4 
1-84 51 (1 9 8 24#) ] SWfctf*, ft*. 

zm^xmbtifcmmmmizttvx. wivMisVu-ymmzftte^zL tizzy 

1 9 11-3094625 
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d h f rm^t:mm^~ij-tLxm^m^ mtx 
mmz®*iz±tfT®mL. m&m*m${-tz>z}iiz&y y dhf ri^^t 

=btC, ^#6^<Z>^-^iz;i/U F-TSDN A$r$Dflai^T*itil(SS-& 

±fE<27^^#!#£#?§ie©^- #-fe;^y Ft5DNA*!|g 

, fchx.\Z>f)\,n-7.. f^hUx «r?§tt8im S/a*g&i:\ gi«i:tt 

[0 0 2 1] 

m*'£tiM9t%i& (Miller) , i?v -±JV • • U ;* yV - 

41/ • ^V^-TL'y— • ^oi^-t-W (Journal of Experiments in Holecula 

r Genetics) ,4 3 1 —4 3 3, Cold Spring Harbor Laboratory, New York 1 
9 7 2 ] * b V>„ 3 - IC&^C <fc *J ^ □ - # - J; < ffr^i*£ » {C 

ft^^A^-^/^JRK©*^ *g#»ji^3 0 — 4 0rt*6~2 4B£|^?T& 

-n>9- (Burkholder) [Bostian, K. L. t-J'Uis—Vy'fX- 

2 0 ffiH4f ^ 11-3094625 
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1 



"%"f • if • -}-i/3-i-)l> - 7%^^ - • • f>fx>i/>fX • #-f • if • n-x 
XX- (Proc. Natl. Acad. Sci. USA) , 7 7^, 4505(1980)] ^ 
0 . 5%;*jifi* yf^ftSSD^i [Bitter, G. A. r^ni/-^>^* 
X • • if • •f-i/a-f)], • 7%75. - • • if x>>>>f X • • if • =l 
-xxx- (Proc. Natl. Acad. Sci. USA), 8 li, 5330 (1984 
) ) tfmfbtlZo ^ifc© P Hfc^ 5~ 8 iCgg^t" bVN. 
J&2 0TC-3 5TC-ej»2 4~7 2l^|8IffV\ MJClSCTaift^^SrftliLS. 
[0 0 2 2] 

^i#M&iifflJ^T*&£^Miem#£i§*^5B8, ^^btli, Grace's Inse 
ct Medium (Grace, T.C.C. , *>f ^-v - (Nature) ,195,788(1962)) iZ^Mlth 
fel 0%i>S/jfa»^©»M«j&aj[ft^fc%©&if««Mv^ti<&. iSM6©pH«: 
&J6. 2-6. 4JcaM-r&©##£ LV^ 0 ««ii!f^2 71CT*»3~5 0^ 

~2 0 %<D SB b^Skm^^tiM EM§i f/fr-f :£.>;* (Seience) , 1 2 2 
5 0 1 (1 9 5 2)) , DMEM^fi [^^ n n (Virology) , 8^, 39 6 

(1 9 5 9)), RPMI 1 6 4 0 • • if • 7* U # > - 

^r-f A^/- 7V % >X-i/a> (The Jounal of the American Medical Assoc i a 
tion) 19 9i, 519(1967)), 1 9 9 Izfu is- *Jy ? • *-f ■ if 

• y*>f X^W • "7*- • if • A^iHrU • ^f-fX> (Proceeding of th 

e Society for the Biological Medicine) , 7 3#, 1 (1 9 5 0)) fc^jtfjg 
V^tl&o P HJi£j6~8T-&£©7W3: LV^ ^tttlf »3 OTC-4 0TCT' 

(dhfr - ) MM&£ZfdhfrMfc**miR^-j]--iLl,Tm^Z>m& 
[0 0 2 3] 

rmammz <fc y ft & e> r £ #t* ^ s c 

2 1 ffiSE4#^ 11-3094625 
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ztfm&m v . ifr ic y 7 =■ y y & £ ^ a < mmm^ 

, hUh>X-100 (ggStg^C J^T, TMtt^tS3i:^S 0 ) 
#® 2; tl X V * T % J: V * „ 

zmm-t 37j&> mmm. mftzmm. fjvamm, &£&sd s-^vr? v 
iE®£tt: £ itm&m. izmm-t & z. t &x # a „ 

»*Jcaiaa!fie|jE«fSl3R€:^MS*s.-fcK:j:y, - £S y, 
> ffiliU hV ^^bV^i/y, T;i/^r-;i/x> K^^^-y-if, :/n 

7M>^--t?, 3^ ^e>*i£„ 
^e>tis^-^-k>a/y >A-^-r #f;ttf, wio-191989^ 

2 2 ffiliE#^ 11-3094625 
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Lfes<-*±)IV >2±-Tj>%:ftffi¥l 0- 1 9 1 9 8 9 -5§#{cfB«(Z)N5fc3g© 
Met ©Bfc££jSlC#t-3£lCj: y, N^OMe t ^^StSIii^t^S 

o 

[0 0 2 4] 

& if) ©^Bfr • ?&«3gj&if) ©BUfrz>BB$6lcjgv%* 
[0 0 2 5] 

a», *g&ft («ju*. >r>s/ay>«#tt«fjgj«) , Hstfimte 

* A14© -f > 2/ a. y > #&<BT fc # e> PJiiaig<gT5e if © Bfc#3!l <fc 
*!§^©/<-^-fe;i/y >A^->f >*fctt-fc*i«:=i- DN A «r±Jfi©EI6 

|iSCTtt[*^J»»tt«K€:lllbj£:«lfflr, jtj^KKW. 3LV**/frM* ^AVu* 



2 3 
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[0 0 2 6] 

&if#M^*>*i£ 0 WSI^ffi^JB^A^-fe^/Tffesft^jc'tt, t&SB*>ry©*t«- 

if) ^i^&w&ti, mmtammmmm. t=.t^\trjvn-;v vtam** j 

-/i/) . ftJxy&Rmftmft (fcfc*.iiJKy h 8 o (tm) „ hco 

-5 0) &ifh0ffflLTfc.J:^ o ^tt^iiLTlirfvftk *Mf& if tf&if £>*i 
Jfrft'Oir/i/n^tfA. jfiMft^n*^ >«iif)\ ^cjg&f t: 

% v?*, 5>yh, ^My ?-tf-3f. -yhU, fcy*;, 

-fx. -9-;K 7>htt, ^>A>^-fcif) lc*f LTtS-^i-SZl 

^nm<DK-^±jvu y&T'f xD&^mz. 

2 4 ffifE#5F 11-3094625 
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, -BCotliO.l^&lOOmg, ft$.L<ltffil. 0^P>50m g> <fc y 

«f*l<b:*&i. o^e>2 omgt^„ #»nttK:«^r*»£tt, -?-(Diia 

, -BlZ-DgffiO. 0 1^e,3 0mggE ^L<(i$!jO. l^P,20mgl 
m. i'J^SKS^O. l^&l'Omgg|g&»ji(Ra»K:J:yift^'r*©^«F 

fc, 6 O k «^fcyjC&K£Ufc*&ja.£'$-*c:fc# 

[0 0 2 7] 



UPAC - IUB Commision on Biochemical Nomenclature lC<k.g>Bfe-S|-&<5V'v 
[0 0 2 8] 



m. 



DN A 
c DN A 

A 

T 

G 

C 

E DT A 
APMS F 

S D S 
T F A 
G 1 y 



: try—is 
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Ala : 7^— > 

V a 1 : A V y 

Leu : n -Y i/y 

lie : >f y n >f > 

S e r : ±V y 

[0 0 2 9] 

Thr :^l/t-> 

C y s : i/y^-y-j y 

Met : *^#~y 

G 1 u : ?\>l/# ^ >^ 

Asp : TX/^^^t 

Lys : V y 

A r g : 7;i/3r — > 

His : hlX^^> 

Phe : 

T y r : -^D 

Trp : h 'J ^ h 7 T > 

Pro : ^QiJ> 

A s n : T^A^dr^ 

Gin : iOb* * y 

Me : 

E t : x-^;i/S 

b u : 

P h : 7x^M 

TC :?-T\/Vi/y-4 (R) * KS 

Bom : ^>^;i/^-^Fi/^^;i/ 

NMP : N-^-^;btf n U K> 
PAM : 7i^;i/7t h7^ K^f;i/ 
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[0 0 3 0] 

Tos : p - h;i/x>^;i/7*~;i/ 

HONB : N — tl Fn 3f i/ - 5 - J Jltfjl* >- 2 , 3 - Pijjltf 3r W ^ K 
B z 1 : /< 

z : s<y p ft***/ jtj/i-tf-ji 

Br-Z: 2 - ~f U i?)]/** )V 

Cl-Z : 2 U)V<>i?)Vyt3ri/3jjltf—;v 

Boc: t-^fWi/AA)K-^ 

HOBt : l-tKD^ri/^>Xh'J7y-^ 

DCC:N. N '-Vi/VWslri/JVjjfrTRPj * K 

TFA: b'j7;i/tnM 

Fmo c : N - 9 - \y~JV^ 

DN P : i?— h U 7x^;i/ 

Bum: ^-^-y'J-7*h^^^^;i/ 

Trt : h 

[0 0 3 1] 

*H»5!lllW©lB^I*a>ffi^l##tt, &>T<Dmm*i&? a 
tmmtt : l ] 

afc^rocD^-^-fe/by >Zv^>f > (BTC1-7 7) GOT ^ y ^BB#J&^o 
Cffi*J#-£ : 2] 

^^©^-^•fe^U y (BTC1-76) ©T^ ^mBB^I$:^-r o 

CB8»J#-S : 3 ] 

^^©^-^•fe;i/i;>A^-f > (BTC31-77) ©r^ ^M5#i£j*t- 

o 

>A^>f > (BTC31-76) ©7^ y&@B#I£^-f 

o 

2 7 ffilf 11-3094625 
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Xftmn^-z-tJiv yjA^-J > (btci 

>A^>r > (btci 
^!§^©/<-^-fe;i/y (btci 

CBH^J## : 8] 

^SMJUox-dnz/i/U y (btci 

mmm* : 9) 

*#g^(D^-^-fe;VU (BTCI 
IWMtt : 1 0] 

Xftmn^-z-tzjiv y (btc3 
imn^ : id 

&$&m<D'<-$1ZJlsV y (BTC3 

Xftmet^-ttfrV yuf-iy (btc3 

: 13) 

^ftmn^-Z-tJlV yJ*"r-4 y (BTC3 
CBB*J#H£ : 1 4 ) 

*3%m<D'<-#'tfrV y&r^y (BTC3 

2 ) 



0 3 7 7 

- 7 6, 7 8- 8 0) ©7 5 J W. 
-7 6, 7 8, 7 9) ©75 7^ 

- 7 6, 7 8) <Drs.jwmn*. 

- 7 7, 7 9, 8 0) ©75 y ®E 

- 7 7, 8 0) ©75 >>$?Be?y£ 

1-7 6, 78-80) ©75 y 
1-76, 78, 79) ©7 5 J 

i- 7 6, 7 8)©75y$me#i 

1-7 7, 79, 80) ©75 7 

1 - 7 7, 7 9) 0>y% JWMM 
\ ffiIE#¥- 1 1-3094625 
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- Ff£ c DN A©&g@e#!£^1-. 
(SB^J#^ :16) 

- K1--5 c DNA©&g®2#I£^-r o 
CK*J## :17) 

- K^T* c DNA©&SBg#IS:^-ro 
CgB^J## =18) 

-Ft5cDNAOMI!?!l^t. 
CBWg-if : 1 9 ] 

CSB^J## : 2 0 ) 

- K-t<5 c DN A<D&&mm$:7jk-t. 
CK#I## : 2 1) 

-KtScDNA©i|«S?!lS:gt„ 
CB2^J#-^ : 2 2 ) 

- K-TS c DN A^ifeSBB^JSr^-r. 
CBB#J#-S§- :23] 

- c DN AODj&MB^Jfc^-ro 
CBB^JH-^ : 24) 

2 9 ffilE^^P 1 1-3094625 
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=Z- K-t-S cDNAOM^J^t. 
[SB^I^ : 2 5 ] 

H - K 1" £ c D N A (Di&mmFJ £ ^-r , 
[6B^J## : 2 6] 

n- K-r* c dn Avi&mmwzTik-t. 

[gB#J#-^ :27) 

3- Kf £ cDNA0Mffi?!ll:^t. 
[BB#J## : 2 8 ] 

□ - Ft5 c DN A0SSig?!fS:^t o 

m^m^ : 2 9 ] 

:3o) 

CBE3«^ : 3 1 ] 

cee#j## : 3 2] 

^©^il{f!l9 TM^&tifc:/^ W x'— R I - 3©j&«gB?rj$:^-f 0 
CSEM## : 3 3 3 

9 TPffiV^frfc:/:? W V— R I - 1 C 1 aO^BB^J^^-Tc 

immm^r : 34) 

^©m6M9TMv%e>tifcy^-rv-R i - 3 xh o o&mmn*^-? . 
mmm^ 3 5) 

CBB#!## : 3 6] 

3 0 £BSE#¥ 11-3094625 
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[0 0 3 2] 

&i&<DmmmiT*n?>tifcMwmmft*mm i^ts^v ty (Escheric 

hia coli) ] MM294(DE3)/ pTCIIBTC77&^f£#-S§- F E RM BP-6584£L 
T 1998^11^ 24 0#tII#IlgM4^IfXMif^i (NIBH) JC*ff6 
S*lTV^ 0 *fel998^1lH2H#T*^$-^I FO 1 6 2 1 4 £ LT 
A#g^flr28ffi (IFO) tC^ftStlTV^o 

^©H»j4T*#e>tlfc^^m^MH [x$/x'Jt7 3U (Es 
cherichia coli) ] MM294(DE3)/ pTCIIBTC76&^f£#-5§- F E RM BP-658 

3 t LT1998^11^240#^Mjg#Xm^^^X^X^fBW^miCWfeS 
*lTV>£„ *fcl998^HH2 0#-e^##I FO 162 13tlTMfflSA 
fH^fr^sm (IFO) lCWit3*lTV^ 0 
[0 0 3 3] 

m * -t & % <o t* v%„ 

[0 0 3 4] 

^Jfeftfi. 7 7^si (c^3js«^^M) ^-^-fe^y 

7 7^M (C*Sg3^i^M) -fe;WJ ></D=fiig*t-£^-£, 

U>|g^y^^5 FpB04 1 [SenoPj ; Growth Factors, 13:181.(1996)] J; »J 

1 ( 5 ' -CATATGG ATGGG A ATTCCACCAGA AGTCCTG ) , Jfctf 7 7 # g (D7^J^^ 3r yW<£> 
mzf&jbzi K^&tfBam HI-W»?gJS<aS:#o^ , ^>f V- 2 (5' -GGATCCCTAGTCAACTC 
TCTCACACCTTGCTCC) fc^T, PCRT'ififg L fe„ PCRtCJ; UJfi|lILfc5t'£^£. TA 
riginal cloning kit (>f > ^ h n *? x. >*±§g) £ V>TpCR2.1'<? # -tC 
Sg*gU pCR2.1/BTC77£fE$gL£:„ ZL*l$:*j©@JM109lc3£AU 7>fcT^V> 
©4££/8-:*f^* ht/^-^?gffiS:fg«i:bT^jK«^S:^bfeo P CR2.1/B 
TC77$r^i-S?^®$K^S:^b, QIApre P 8 Miniprep kit (3f 74*>*±§S) £ 
JB V ^ T PCR2 . 1 /BTC77 & M $g L „ 

3 1 ffiiE4W 11-3094625 
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5lzmmVfco pBR322£Nde IT-EUSt. T4 DNA/KV*^--fef (DNA Blunting kit, 
^jBJitt^ajg) T?*«&¥»'ft;U H«a«-r«*K:j:r3T, Nde 
&&:X«£i*fcpBRdesNde£f1=§<lL£ 0 P ET3c£Bgl II - Eco RVTfWWrU *&0.2 
6kb P ©Wf^«riaiIZL/feft, T4 DNAsKU ;* 9-1?T*S8€:¥flHfeU pBRdesNdeCDS 
ca I»rJtfcSfe£kT, PBR/T7 desNde&tf^bfc. §Pfi#Mfi5l^M#A (Q 

uick Change, STRATAGENEtfc*!) JCJ:U, pBR322©Bam HI»»a$&S:*£3i*:fcp 
BR322desBam£f£§gL£:., pBR322desBamtf)Sph I - Eco RV^ftf £pBR/T7 desNde© 
Sph I - Eco RVWr/frfcaHgLT, h ^-fr>f * U ^WttSfcSK-** # -pTCII 
$gLfc 0 pCR2.1/BTC77S:Nde I&tfBam HIT?-&J»rbTT:tfn -;**ac$M&S:*JV* 
, &J240 bp© 7 7JSaSM^-*-fe^/U >^3t3ftte^£QIAquick Spin Purificati 
on Kit (^rr^>tfc») £J8^T Lfc. ft^jr # -pTCII SrNde I&tfB 

am Hl*e-WWrUT T^f n->i«^cacSftfefTV\ mmzffi4.6 kbp©/t> F&EUKL 
feo 7 7a»M^-^ir;i/U >#^3te^&*fc^**--pTCII©Nde I- Bam HI 

&3BiRU f©tt<}: l JSS^7^^ F&mflXLT* »3S^^ KpTCII/BTC77 

3©pTCII/BTC77£*J^MM294(DE3)lC#ALT, f h5*>f^y 
*SSII*«:3B1RU 7 7^SM^-^-fe;VU >»3K«cMM294(DE3)/ pTCIIBTC77£lfc 
#Lfc„ i©^jBt«RiftlHllS^»llMM294(DE3)/ pTCIIBTC77&^ft## F E RM 
B P - 6 5 8 4 IT 1998^11^ 24 H#tSltIItM4^If IIMf 
(NIBH) tCWf££*lfc„ £fc 1998^11 J?2Btf7?^f£§-J§- I F O 1 6 2 1 

[0 0 3 5] 

7 7MS^-^t;i/'J >383§M*MM294(DE3)/ pTCI I BTC77&1 (tog/LCD^ h 9*>f 
*U >£^tfLBJgifc 0.5%^®x^r^ % 0.5%J|fl:tb'J^A) 1 

y y h;pT*3ori6^r^#L/fc„ n*>tit=.mmmi50mL$:3:m&mtgi& a. 68% 

U>»-**th'J9A, o.3%y >®?-7K^hU^A, o.i%&fl;y>^- ? 

3 2 11-3094625 
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A. 0.05%|£ffc^MJ?A. 0.024%1»V^#$/?A. 0.02%na -tf-)lLB- 
625. O.OOOSroJ^^T^^, 1.5%^F?f|. 1.0%%?* 1.0%>f-X}> 
n:^^) 1.5U y ^;l/$:ffc^i^7t.*2L^^>-7T-^>^-^C^^gbT, 371C. 

2 L/min, MWM&m 500 rpm T'il^m^#$:^Lfc 0 ig*?&GD?§ 
g#ifol200? h#&lCfcofcB^&T*. 5.95 mg/L #©-f V ;i/-/3 -D-^- 

hfcT^yS/K (IPTG) £gs;&DLfc„ IPTGSs^. 2.5^ratC0 

.75%©^3-^€:»JiiL*«IBi&9^ra«*-e«*t:f?ofc 0 J&il?&£l0000 
rpm-e30^|^^i>^|tS:^v>, S#£g|#)fe 0 
[0 0 3 6] 
.Met- 7 7^«M^-^-fe;i/U XDmW; 
^J6M2T#e>tlfe®#5 glCl mM EDTA, ImM APMSF,&tf7M — 
^•frO.l M Tris-HCl ( P H8.0) 10 mh^MX. 4 TCTf— Lttffi o 
3SM>4M«I (10000 rpm. 20^^) £?To£ 0 *f e>*l£ Jt?f ?&10 mUC0.5 nM^ffcM 

1 mMM7cM^*;i/^^^->. 1 mM EDTA, 0.1 M7;^3r — 
1*2 MjU^£-g-tf50 mM Tris-HCl (pH8.0) 250 mL&flUx.. 4TC*C — Ift U 7 # 
^-f >^&ffofe*. (10000 rpm. 20^^) feffVV ^£>_h^260 m 

L£#£. £<Z>»4>±»«S:Y]I3Ifi; (^®^» : 3000. * U jK7*±) £ffiV>T*i 
$g£?Tofc 0 $g*$ffi&i&?£80 mUC2 MJRUt 5:120 mlfflTLfc^ i&^TrpH 5.0lC||gE 
b£„ ii4>#lt (10000 rpm. 20^^) Sr^fW # £ tlfc^L>_httM 5:50 mMgf^ 
th'J9A««« ( P H 5.0) -e^WffcbfcSP- h3A-;t/650M#^A (2.2 cm x 
12 cm. fV-tt) IC## 10 mL(D^T*t£-fr. ^IHfclCfl! V^llfsT^*?? «fc 

„ Met-7 immM^-XizJlV >£#tfW#£il#). f01/3iRl %hU 
7;i/^nBt^l?¥^'fbLfcC4P-50^^A (l.O cm x 25 cm. Bgfn«Xtt) ICPR* 
13.5 %fr£21.2 %tf>T-fe h U^l/ttm^'feJBBlCj; UMet-7 l^WSk 

T?*£#PU Bf^MlCU£:AGl-X8;*7^A (1.0 cm x 10 cm. B*rt>(yt?V K*±) 
£jti®$1±fc&. J&Ktt&lftft&fT V%Met-7 7 # -fc;i/ U >8 mg£#£: 

3 3 ffiftE^ 5 ? 11-3094625 
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[0 0 3 7] 

£*#54.7 6«£M (C*3g43^»^^M) ^- Z til V yftm^^X $ K<Z> 

*»UfepTCII/BTC77J:y, *5t3te^©±i«tC»igLTNde IfJ^&S:^^ 
□ KV^o^'fY-l (5 ' -CATATGGATGGGAATTCCACCAGAAGTCCTG) , %.X$7 6 
&B<DAVy<Dmzmi&nF>Rmam YLl^mmn^fkn-D^f^^ V- 2 (5'-GGA 
TCCCTAAACTCTCTCACACCTTGCTCCAATG) £ffiV%T, PCRT'ifipI L PCRtCJ: *) if 01 
VlLMte^Z. TA original cloning kit (>f >tf-f h D £?:c >*±fgf) SrMV'^T 
pCR2.1^?#-jc;g^U pCR2.1/BTC76S:#^Lfc 0 d*l £*j^«JM109lC#A 

^Lfc„ pCR2.1/BTC76$:^-rS^e^SI#:$:^»L, QIAprepS Miniprep kit 
(^T^f>?±ig) &ffiV*TpCR2.1/BTC76€:W9iLfc. 

OlzmmLtc. pCR2.1/BTC76$:Nde I^ytBain HIT*^l»TLTT^n-X«^m 
£*TV\ &/240 bp© 7 6^a^-^-fe;i/U>#Jta^$:QIAquick Spin Puri 
fication Kit (*ytfy#M) &JB V^T fclSURLfco HJiM 1 T*mSSbfe^ 
^<^^-pTCIIS:Nde I^tKBam HIT-TO bTT#n -xm^clfr £4? W I^IC 
^J4.6 kb P ©A^ K5rEI4Xbfe„ 7 6^M^-^-fe;i/U ym^m^^mm^ 
*#-pTCII©Nde I- Bam HI$Ttf £3e*SLfc^ *J©aJM109lC^A LTf h 9 

^y^X^ KpTCII/BTC76il bfco 

£©pTCII/BTC76£*J©mMM294(DE3)lC#AbT, ^ h ^1J->f ? U >W44T*7£jg 
3£SltSfc£Sg#*U 7 6^^M^-^i?;i/U >#§3^^MM294(DE3)/ pTCIIBTC76&:& 
#Lfe„ 3©^^mjmHS^:fli®MM294(DE3)/ pTCIIBTTOte^ffrg-if- F E RM 
Bp -6 5 8 3 t bT1998^11^24H^T*Mjg#Xm^^^X^XmS^W 
3feffitC»ff£S*lfc. *fel998^11^2H#T*^ft#-^I FO 16213tlt 

#aj»A»»wsflsm (ifo) icwf£s*ifc„ 

3 4 mffiE#^ 1 1-3094625 
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[0 0 3 8] 

mmm 5.76 mmm^- z-kkv y^mwomm 

7 6&&M'<-9'tJ\/V >|g^^MM294(DE3)/ pTCIIBTC76$:10mg/L(Z)^ b 
* U >£-£tfLB^iffi 0.5%jfrffc?- h U 1 

y y h;i/*e30TC16H3frai&#bfc. #e>*lfcig#?&££fgSffli&ife (1.68%'J>^ 
-xKfPH-hU 0.3%Vymr.7kmi-bVyi±, 0A%i&1tT> 0. 

05%&{b:f- h V 0 . 024%$r£ll£ V *f 1*^ 0.02%n^-jJ<-;i/LB-625 > 0 

.0005%^^^ >, 1.5%^F^«i % 1.0%5tJif ^ 7^ hai^P^ 
) 20U y b;i/£tt^£50L^^ltlCf|;ffil,T, 37T;, ol$C*20 L/min, 
m«s&210 rpm T?jift*^*«S:BB»bfc. *«*CD»K*«*&1200^ h^ffi 
5.95 mg/L ^©^f V~fXl Icf A/- & -V-'f-yfrjS^ 9 h tf v -/ i/ K ( 
IPTG) £§S#nbfc„ IPTG^AD^, S^D^&tf 3. 5^KlC-€-tl J ?^0.75%©^ 
•^3-^&aS^'b*ilBBi6ll«plS«*^J»§|%:fTofe. Jg#?&$:10000 rpmT'30 

^raaa^iitsrff v^, «^54o g*M&>fr B 

[0 0 3 9] 

5 . -£#£>*lfcB#375 gtCl mM EDTA, lmM APMSF&tm tfT — VZsM.m 
i&£-£*f0.1 M Tris-HCl ( P H8.0) 1.0 Lfcflnx., 4 tt'- Bfcil;J$bJ|ffffi£:*T o £ 
(10000 rpm, 20#(S) fc^Tofco #e>tlfeJb^l.O UC0.5 mM^ 
lkm!f)V*^*>, 1 mMMTtlM^";^^^^^, 1 bM EDTA, 0.1 MT/l/3f— >*BB* 
*&&tf2 mmZStiSO mM Tris-HGl ( P H8.0) 19 LfciDX.. 41CT* — H>J7#- 
;i/^>f ^^Srffofc^ (10000 rpm, 20#f^) £?TV^ «AJb»«20 

L£#fc„ Z.(Dm^±mWL^^V h^X^A (#W3H^i; : 5000, $ 

U^Tft) &MV>T?g*|g£?Tofc 0 a«i^ife?S3.3 UC2 Mj@*iii£l3.2 LMx.t=.&. 

. smx-pH 5.oicinsPL^ 0 50 mmm-r h v v ^mmm (ph 5.0 x-^mit^ 

fcPOROS 50HS;*J^A (2.2 cm x 12 cm, R^A-t^f^r* Zft±) IC## 30 mL© 
^T*©5»£1±, ^mitlzm^fcmWmT*J:<$ii&lst=.&i. 0.3 H^f,1.3 80H 

fr®#£3l#>, ^g7KT*3^lC^U3fe^, 50 mM»ith>J^^«I ( P H 4. 

3 5 ffiSMfsp 1 1-3094625 
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5) T?¥^fcbfcTSKgel CM-5PW^j^iA (2.15 cm x 15 cm, JfCV-*±) lC§S#Db 
tc 0 Met-7 6^*M^-#i2;i/y >3»5iL£TSKgel CM-5PW#^A£, 0.24 M 
^e>0.44 MOMtb U ^Att^a^SBlCfcU^m £f?o£o Met- 7 6^ss 
/<-^-fe;i/U 0.1 % h y 7 ff^^Wffcb fcTSKgel 

ODS-120T^j^A (2.15 cm x 30 cm, jfcy-*±) tCDRlr£-fr, 17 %^e>24 %<D 
T-fe h-h U ^tt^am-fellfilCj; UMet-7 6 ^Sf/<- * y > £?§ffi b fc„ 
?§ffi?££0.02 % h'J7Mn^T«U ^^Sr^ofeo ^ffc^* 
£«!©7fcl0 mLT*?tfl?U WWtMK L£AG1-X8;ft 9 A (1.0 cm x 10 cm, 

y >93 mg&#fc 0 
[0 0 4 0] 

mmm 3 -e # e> *i £ Met- 7 7 mmm ^ - # -t jv y > # ns£#i 6 *c» e> ti fc Me t- 

a) SDS-JKU 'J;i/T^ F«iiC&lfr£JS^£:##r 

^-^•t;vy >^^^#^i 0- 1 9 1 9 8 9#icsa«©^Sicj;yii5g 

b^Met-8 0^^M^<-^-fe;i/y >Sr-9->^;i/A^7T- (125mM Tris-HCl, 1 

% Kf^^Mthy)^ 15% ^y-fen-;K 5% 2-*jvijzfh^*;- 
0.005% 7*dA7i; -^7*^-) v;i/^^>n/ 15/25 (m— ft^ 

T-«^clfr&*Tofc„ &^ if y K cbb kanto (mMitmft) 

K-jt-tfrV y&WE{fr$:A%?-*yV n- ;«S:'g-tJ6NmS?'eilOX:, 24&tf48B£ 
l^ffi;(fc>!K#«?£*TV\ r^y^^ftf (BfiL - 8 5 0 0 AAmino Acid Analy 
zer) 5:fflV^T7^;lMS:^Ufc 0 ^©M^> V^•rtl<Z)3jc^%,^$&zI K 
>ATGlCft^1"S^^^^>S:-g-*, cDNAdfftSiB^&^ai-StlST^ ^ ^MfiK 
£-Sfcbfc. ^2] 



3 6 
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7 mmm^-siz)\yvy(oT^mm^m 





1 &imfcKHD 


Use 


ASX 


7.2 


7 


Thr 


6.0 


6 


Ser 


4.6 


5 


Glx 


9.1 


9 


Pro 


3.9 


4 


Gly 


7.1 


7 


Ala 


4.0 


4 


Val 


3.7 


4 


Met 


0.9 


1 


lie 


2.0 


2 


Leu 


2.1 


2 


Tyx 


3.0 


3 


Phe 


2.1 


2 


Lys 


5.0 


5 


His 


3.0 


2 


Arg 


6.8 


7 


Cys 


ND 


8 
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[*2] 

7 esMSt-^-e/i/'j yoyp^j mm^m 





1 ^ii/^Zco<D 

Asm 




2V <! V 


o . £ 


O 


x nr 


t> • X 


CL 


C A 1* 




c 




Q A 


Q 




A 1 






"7 A 


•7 
/ 




A 1 


4 


val 


3.8 


4 


Met 


1.0 


1 


He 


2.0 


2 


Leu 


2.0 


2 


Tyr 


3.1 


3 


Phe 


2.1 


2 


Lys 


5.0 


5 


His 


2.3 


2 


Arg 


7.1 


7 


Cys 


ND 


8 



[0 0 4 1 ] 

c) Kmmy$jmmm&m 

*4] 



3 8 



mgE^^ 1 1 -3 0 9 4 6 2 5 
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(pmote) 




1 


Met (809) 


(Met) 


2 


Asp (492) 


Asp 


3 


Gly (615) 


Gly 


4 


Asn (425) 


Asn 


5 


Ser (161) 


Ser 


6 


Thr (276) 


Thr 


7 


Arg (253) 


Arg 


8 


Ser ( 66) 


Ser 


9 


Pro (168) 


Pro 


10 


Glu (127) 


Glu 



[*4] 

7 emmm^-siz)buy(DN^.mT^jmm^mm 





«a*£nfcpTH- 

C pmote) 


m 


1 


Met (195) 


(Met) 


2 


Asp (213) 


Asp 


3 


Gly (413) 


Gly 


4 


Asn (292) 


Asn 


5 


Ser ( 99) 


Ser 


6 


Thr (151) 


Thr 


7 


Arg (198) 


Arg 


8 


Ser ( 54) 


Ser 


9 


Pro (149) 


Pro 


10 


Glu ( 79) 


Glu 



[0 0 4 2] 
d) C5KSB7S /BMMft 

^tK7i?>« (ioox;, 6i$im) let*;, c^rs ;m*T$ ;m& 

#r#f (BStL- 8 5 0 0 AAmin Acid Analyzer) £jgv>T^Jt Lfc„ Met- 7 7 
J^SM^-^-fe;i/U ^-eiiT^^^^r^^^, Met- 7 6 J^M^- # "fe^ U >T? 

3 9 tBH#^ 1 1-3094625 
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Asp : 32.? %) 

Val (JR^ : 77.8 %) 

[0 0 4 3] 

^ b3f a.^- • • A4*n 8. 588(1988) JcfE*© r £ <. #lL^Ji<Z> 

3T3 A31-714#n->4 (>f > # — H ±J\y • • • 3r-Y 

12, 463 (1973) ) tf"ME> 3 H-^ Vy<D~$L »J &*IC J: o T^JiiSii^'ffi SriKDS 

■Tfcfct), 5% ^S/jfMf S^tHOU"*?/ nHJc^>T-^;i/MEM^%S:MVNT, 10 
MfflW*L\Zt£%> &o\zmM\st=.ZTZ A31-714? n->4& 9 6 aiJVzf V— h \Zl 

00 iCtL-^ofll^, ^i^>f>^a/<-^-|^ (5%«gfc^fX, 95%£ft) tCfc 

#*>f--4ObMEMJ&*6&100 /tLaniL&*K:J:yifil»«fl!«:l%JCbfe. ££>JC 
2H^#Lfc^ a*©*a^^J6«93*eWJ8LfcMet-7 7^M'<-#-fe;i/ 
HJ6«6TWJS|-UfcMet-7 6 SSM^ U>XWW^l 0-19 

1 9 8 9#lCfB^©#&CJ: »J 0^ii^-^t;i/'J >&$&&|JL 

5:0.25 ^Ci/well^*., ^-tf) 4 l$IHfcCj|fflj&;8:PBS*e 3 mffi& Ofc*, 5% SDS& 

ioo n\MXMf&it&m\st=. a mffimmmzisyT-u-i/ayA^TMzmv. 

-^S ^>©«ffl^©^y^*$:M^bfco [02] 



4 0 



milf^ 11-3094625 
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[0 0 4 4] 

{t&ftmm^m%i<ftitBmmm&mmmx42j [chiristophe; 7* y • v 

• #7* • 7 J VXU*?— (An. J. Physiol.) , 266: G963 (1994)] £ 
, *16«3T?WKLfeMet-7 7J|»-^t;i/'J ^Jfi« 6 *CBIJ5|bfeMet- 
7 6^M^-^-fe;bU 0- 1 9 1 9 8 9 -^lC|B^©^fC J; 

>J|§l{L£:Met-8 O^SM^-^-fe;i/U>^t5lO % 7 V1k%Mlk*l5*l9fr* 
y^&m^-yfrMEMmi&*:m^T10 5 mfl&/nUZ&Z> J:^JCjR»U 500 /iL 
fc^-vw*-;*^ Kic»£, ^M#x-f ^^-^-rt (5% MMij^ 95 
%£^C) &C&V^37'CT*5 0^«Lfc„ 5 B^lC*IB!J§£ P B S 1 iSISt^bfe 
ffcJC, 10%*A/AT^ftKTH3lU 0.1% h^>f h>X-100T*5^^MSbfe 

10%:7ny*a:-;*T?#jRbfc#i>r>;*y>Jfttt (7K/t>7F->fA; • 
4rSjb/l/*fc) &S8jPb£fi, MfrmKfahtco 0.1% h^>f h>X-100S:^inb^ 
fi5^itf tfct, PB ST*3@Jgfc?£bfc„ 10%^D^^^-^-e*flL/feFI 
TC (Fluorescein Isothiocyanate) ^Htfftv^ ^ IgGjaflc £8s#0 

U MTMO^IfiTRjSbfc. 0.1% h9>f N>X-100&«&*b^fi5#raiMfibfe 

ft, PBsr*3tagfe^b> m^tttt^m^bfe. v^fuo^-^iz/i/y^&ss 

[0 0 4 5] 

mmmi o. t mj&«t^*u .^^^^Tdt-^jie^as^^*-©*!^ 

£bT. SJfc?g0>^y h>f >*y >Il3tfi-?-^ , n s E-*-©*a6BBJ!I (GenBankrAc 

4 1 5p 1 1-3094625 
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cession No. J00748) £.K.&titlsfc7 m 54 V- R I - 1 [5' -AGAGTCAAGGATC 
CCCCAACCACT-3' ] £ J: R I - 3 [5' -AGCTGGTCACTTAGGGCTGGGG-3' ] ZPB^XP 
CRmz& »J>f ^^D^-^-fI^cO.75 Kb$rif(libfeo $5>IC, ^<Z)P 

CRlfe$:f>^l/- hi:lty7>fY-R I - 1 C 1 a [5' -GAATCGATAGAGTCA 
AGGATCCCCCA-3' ] fei^R 1 — 3 X h o [5' -GACTCGAGCTGGTCACTTAGGG-3' ] 
V^TPCR^ofe. it*i$tlfe0.75 Kb DNAWr^S:^.||b. pT7BlueK 
(Novagen 69820-1) lZM&&/uT*nbftfrzf : 7* ^ KpTB188U 

Jt-Tf-fcSifc&fllBLfc- ^^^.^ KpTB 1 8 8 1 SrXho I-Cla IXtymis 

x=?v h4zs?sV y7°u=z-x-x%>z>Q.iz kb mmK$:<mfro mzt bmm 

TJVjtjV 7**77 (PLAP) £3- Ft* -2)2.0 kb cDNA (J. Berger£ 

, Gene 66, 1 (1988) <D$&my° : ?Z. ^ FpTB 1 3 3 0 SrXho l-EindlUX-®ffi U 
T^e>tl^2.7 kb mmfn (PLAP cDNA, SV40ft*X 7°^ A t/> VU&iS <k tftf 
UAfJiuasffi, pBR322fi^orifeJ;D J T-V^^U >Wftm^$:^tf) S:«b 
, ftf&(Z>7y h^T>S/ a U >y n=E — |gl£0.73 kb Xho I-Cla I»t#$:T4 DN 
A'J^-^fKlCioTiigbt^X^ KpTB 1 89 8 
[0 0 4 6] 

njfefli 1 1 . ?Lk?$m i kM2mmv>nm 

AR42JH5BSICP L A P^3Eg^7X^ KpTB 1 8 9 8 £Tn5<Dneorm&-3- : &'£ti7° 
=y 7. $ KpMCneopoly A (STRATAGENE) 5:h7>X7i^i'3 >f^TransIT™-LT 
1 (Mirus, PenVera Corporation) V^T HH^KI^A b fcc #Atfc©*B]fcfcJ:l<>% 
^JI&ieJlll?tS:aD^.fcDMEMT2 0ia««bfe«, G418 (^^^^>> GIBC0 BR 

D 800 vg/mL*mtoLfcmnmmzMx.xt&mzMvt=.* G4i8Wttfc&oT£ 

n - > ©WAS €: 24ft :7 MC*f*, Met- 8 0 JlSS^- # y > £20 n 

«/»L»ftifej:of*i»ap*e4 bibtchiu ^«±t $:iat 6 5 ic 3 o 

4 2 mSE#¥ 11-3094625 
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t7U— > 


PLAPgf (A 405) 


BTCiiJB 


BTcmia 


AR1898-033 


0. 034 


0.366 


AR1 898-053 


0.008 


0. 089 


AR1S98-0192 


0-077 


0. 752 



[0 0 4 7] 

-7 7^Ii/<-^t;i/'J>, HJfeM6-e^igLfeMet-7 6 MS^- # -fe;i/ U 
> £ tt#lf§¥ 10-1 91989 -^{CSa^©^^{C «fc U b fcMet- 8 0 
M^-^i2;i/U >&tfl0 % V ism%Mm*'Sti#)V'<y Z2&$£>( - IfJVMEM 

mm-ft^j yzc^^-z-fa (5% 95%^) icj3v%t37tct*5 h 

50/*L$:$>£>y^D#>50 ,ctLtf>2XSEAP (2Mt?X# y -;VT ^ ImM MgClg, 20»MJft 
^T;i/^->) ^iaht^96^^)V^>( hlCin^.fc 0 37"CT*10£-|S# 

o&^> 20 ig/iiL0p-nbn7i-;i/<;>i 0>^vtt) £10 AL8s#nb37r;i? 

im^fiLfc*:ft^t=. CS4] „ Met-7 7aSM^-^i2>U/y >^<I;tJfMet-7 6^ 

a^-^-fe^u >^Met-8 o^sM^-^-fe;i/u y £m%m i cfti£mm>um£ 

[0 0 4 8] 

immm 

m&m-% : 1 ] 
mmo&z : 7 7 

h#up- -.mm®; 
mmv>mm : k 

4 3 ffiHEf^ 11-3094625 
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Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

15 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp 
65 70 75 

[0 0 4 9] 
: 2 ] 

fB#!©:R$ : 7 6 

m&}<DM : 7 $ j m 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

1 5 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val 
65 70 75 



4 4 ffiiflE#32 11-3094625 
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[0 0 5 0] 

im&m^ : 3 ] 

UWO&'Z : 4 7 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 

15 10 15 

He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp 
35 40 45 

[0 0 5 1] 

mmtt 4 ] 

BJ#J<Z>;5$ : 4 6 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 

1 5 10 15 

He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val 
35 40 45 

[0 0 5 2] 
[B2#l## : 5] 
gB#I©:g£ : 7 9 

4 5 ffilE^sp 1 1-3094625 
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v&uv- -.mm®. 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

1 5 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr lie Gly Ala Arg Cys Glu Arg Val Leu Phe Tyr 
65 70 75 

[0 0 5 3] 
[@2^J## : 6 ] 
BWfl©*S : 7 8 

mm 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

1 5 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pr Ser Cys Val Cys 
50 55 60 

4 6 ffifI4f 11-3094625 
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Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu Phe 
65 70 75 

[0 0 5 4] 
[ffi*»J#* : 7] 

m&}<D&Z : 7 7 

mm 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

1 5 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu 
65 70 75 

[0 0 5 5] 
[BS?!J## : 8 ] 
SE^llCO^S : 79 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

1 5 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

4 7 ffifWq* 11-3094625 
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20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr lie Gly Ala Arg Cys Glu Arg Val Asp Phe Tyr 
65 70 75 

[0 0 5 6] 

[bj#j## : 9 ] 

@2#I<Z>S3 : 7 8 

mn&M : 7 ^ J 8 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

1 5 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr lie Gly Ala Arg Cys Glu Arg Val Asp Phe 
65 70 75 

[0 0 5 7] 

mmm* :io] 

EB#I0>;R3 : 4 9 
BJ^JODM : 7 5 J m 

4 8 11-3094625 
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Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 
1 5 10 15 

He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu Phe 
35 40 45 

Tyr 

[0 0 5 8] 

immm^ : 1 1 ] 

SB#!<Z>;g$ : 4 8 

mm<DM :T$jm 

mmomm : k 
mm 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 

1 5 10 15 

He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu Phe 
35 40 45 

[0 0 5 9] 
[BB#!## : 1 2 ] 
mFMDMZ : 4 7 

mm<Dm zT^Jm 

mm<omm : k 
mm 

4 9 ffiSEfS^ 11-3094625 
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Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 
15 10 15 

He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu 
35 40 45 

[0 0 6 0] 
[BB#I## : 1 3 ] 

mm<D&z : 4 9 

mm<DM : 75/® 

mm 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 
15 10 15 

He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr lie Gly Ala Arg Cys Glu Arg Val Asp Phe 
35 40 45 

Tyr 

[0 0 6 1] 
: 1 4 ] 
B£0©;R3 : 4 8 

Arg Lys Gly His Phe Ser Arg Cys Pr Lys Gin Tyr Lys His Tyr Cys 
15 10 15 

5 0 ffi$E#¥ 1 1 - 3 O 9 4 6 2 5 
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He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Phe 
35 40 45 

[0 0 6 2] 
[WiFm^ : 1 5] 

mm<D£& : 2 3 1 

mnom. : mm 
mom : r.*m 

mnnwm. - cdna 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 
AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 
CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGACGCCC 180 
TCCTGTGTCT GTGATGAAGG CTACATTGGA GCAAGGTGTG AGAGAGTTGA C 231 
[®J#l#-*§- : 1 6] 
: 2 2 8 

mn^m : mm 
mam : n** 

MWtoWSL-: cDNA 

mn 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 

AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 

CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGACGCCC 180 

TCCTGTGTCT GTGATGAAGG CTACATTGGA GCAAGGTGTG AGAGAGTT 228 

5 1 11-3094625 
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mm** • 1 7 ] 

gB#J©«£ : 1 4 1 

@b^j©m : mm 
mom : 

M&KOMM. : c D N A 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 
GCAAGGTGTG AGAGAGTTGA C 141 

mm** : 1 8 ] 

mm<D&z : 1 3 8 

mm<Dm : mm. 
m<om : -#* 

IB#!<Z>«^ : c D N A 
4#««rSt^bfe*as: S 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 
GCAAGGTGTG AGAGAGTT 138 

: 1 9 ] 
mm<D&Z : 2 3 7 

mm&M'.mm 

M^i<DmM : c D N A 

5 2 ffiffi*^ 1 1-3094625 
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patpppaatt ppappapaap, 


TPPTPAA APT 


AATPPPPTPP 


TPTPTPPAPA 


PPPTPAPPA A 


fin 


AAPTPTPPAP fTAfrAffAr 


APA ATPA AAP 


PPPA A APPPP 
buuiiiiiiuubb 


APTTPTPTAP 

iibl Iblbliib 


PTPPPPPA AP 


1 9C\ 


PAATAPAAPP ATTAPTPPAT 
bail X nb Aiibb nllnblbbAl 


PA A APPPAPA 
bAAAbbbiibil 


TPPPPPTTPP 
Ibbbbbl IUu 


TPPTPPPPPA 
1 uu 1 bbbbbfl. 


pp ap krrrrr 


loU 


TPPTPTPTPT PTP A TP A A PP 
Ibblblblbl blbiilbilAbb 


PT AP ATTPP A 
blAbill IbbA 


PP A APPTPTP 
bbAiibblblb 


A P A P A PTTTT 


TTTTT AP 
bill 1 AU 




LHc^UW^ : Z U J 




























































mau<Dmm : cDNA 














s 






















GATGGGAATT CCACCAGAAG 


TCCTGAAACT 


AATGGCCTCC 


TCTGTGGAGA 


CCCTGAGGAA 


60 


AACTGTGCAG CTACCACCAC 


4 4 4 *T< y"l 14 4 ^"1 

ACAATCAAAG 


CGGAAAGGCC 


ACTTCTCTAG 


GTGCCCCAAG 


120 


CAATACAAGC ATTACTGCAT 


CAAAGGGAGA 


TGCCGCTTCG 


TGGTGGCCGA 


GCAGACGCCC 


180 


TCCTGTGTCT GTGATGAAGG 


CTACATTGGA 


GCAAGGTGTG 


4 ^ 4 4 /irpmninri 

AGAGAGTTTT 


GTTT 


234 


LSB#f#-^ : 2 1 J 












0D^U©«c5 : 2 3 1 












•airt "Cif /t\ - -fiXr^Clft 
























b/Kn v— : lit 


























S 






















GATGGGAATT CCACCAGAAG 


TCCTGAAACT 


AATGGCCTCC 


TCTGTGGAGA 


CCCTGAGGAA 


60 


AACTGTGCAG CTACCACCAC 


ACAATCAAAG 


CGGAAAGGCC 


ACTTCTCTAG 


GTGCCCCAAG 


120 


CAATACAAGC ATTACTGCAT 


CAAAGGGAGA 


TGCCGCTTCG 


TGGTGGCCGA 


GCAGACGCCC 


180 


TCCTGTGTCT GTGATGAAGG 


CTACATTGGA 


GCAAGGTGTG 


AGAGAGTTTT 


G 


231 
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[K#l## : 2 2 ] 
K*U©*3 : 2 3 7 

mrnoM : Kit 

@B#J©S^ : c D N A 

: S 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 

AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 

CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGACGCCC 180 

TCCTGTGTCT GTGATGAAGG CTACATTGGA GCAAGGTGTG AGAGAGTTGA CTTTTAC 237 

immm* 2 3 ] 

5!£I<Z>£3 : 2 3 4 
M&MDWR : c DN A 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 
AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 
CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGACGCCC 180 
TCCTGTGTCT GTGATGAAGG CTACATTGGA GCAAGGTGTG AGAGAGTTGA CTTT 234 

[U3«# : 24] 
SB^IO^S : 1 4 7 

mam : ~*m. 

btfup- : mm®; 

5 4 £BSE#3p 1 1-3094625 
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mmomm: cdna 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 
GCAAGGTGTG AGAGAGTTTT GTTTTAC 147 

mmtt : 2 5] 
m&}<D&£ : 1 4 4 

wifxdm : mm. 

IB^JOSS : c D N A 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 
GCAAGGTGTG AGAGAGTTTT GTTT 144 
[f2#I##: 2 6] 

mm<o-&z : 1 4 1 

mnv>m - mm 

Sa^JOS^: cDNA 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 

TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 

GCAAGGTGTG AGAGAGTTTT G 141 
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[K*l## : 2 7 ] 
K*fl©*S : 1 4 7 

IB^lODa^ : c D N A 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 
GCAAGGTGTG AGAGAGTTGA CTTTTAC 147 

[@2#I#-*§ : 2 8] 
BI#l©Jfc3 : 144 

IB^JODa^ : c D N A 

urn 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 
GCAAGGTGTG AGAGAGTTGA CTTT 144 
[0 0 6 3] 

[m&m^ : 2 9 ] 

m&HD&Z : 3 1 

mam : 

mmnmm. momm ^dna 

5 6 ffiliE#^ 11-3094625 
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CATATGGATG GGAATTCCAC CAGAAGTCCT G 

: 3 0 ] 
mW&Z : 3 3 

mom : 

GGATCCCTAG TCAACTCTCT CACACCTTGC TCC 

mmtt : 3 1 ] 

mm<D&t$ : 2 4 

gB#I©M : t£gfc 
: -#it 

AGAGTCAAGG ATCCCCCAAC CACT 

mm** = 321 

mm<D-&& : 2 2 

be#j©m : &Bfe 

AGCTGGTCAC TTAGGGCTGG GG 

mmm* : 3 3 ] 

BBW©Sa : 2 6 

5 7 



33 



24 



22 
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mam. : -#« 

mm<omm : ^«dna 

GAATCGATAG AGTCAAGGAT CCCCCA 26 

[BB#I## : 3 4 ] 
BB#I©;R3 : 2 2 

: fftft 
m<DWC : -#£1 

mm 

GACTCGAGCT GGTCACTTAG GG 22 

mmm^: 3 5] 
mm<o^ : 8 0 

mm<omm k 
mm- 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

15 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pr Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Leu Phe Tyr 
65 70 75 80 

5 8 aJH^^ 11-3094625 
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[gB#J## : 3 6 ] 

mmo&is : 2 4 0 

mmom. mm 
mncomw. : cdna 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 
AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 
CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGACGCCC 180 
TCCTGTGTCT GTGATGAAGG CTACATTGGA GCAAGGTGTG AGAGAGTTGA CTTGTTTTAC 240 
[0064] 

CO 0 6 5] 

[0 3] mfeM 9 izmm<?> /s wuatc^Mis l t^mmizmt stMttt?i@ 
-r. 

[04] ggjfctill 2T?fffcnfcPlBJ»^b{li«?Stt©iii*€:w'rH«:^'r. 
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[Title of the Invention] Betacellulin Muteins 
[Claims] 

[Claim 1] A betacellulin mutein or salt thereof, wherein 1 to 40 
amino acid residues from the N terminal of the betacellulin may be 
deleted, and 1 to 4 amino acid residues of the first through fourth 
amino acid residues from the C terminal, including the Leu at 3 from 
the C terminal and the Asp at 4 from the C terminal, may be deleted or 
substituted with other amino acid residues or other peptide chains. 

[Claim 2] A betacellulin mutein or salt thereof according to Claim 1, 
wherein 1 to 40 amino acid residues from the N terminal have been 
deleted. 

[Claim 3] A betacellulin mutein or salt thereof according to Claim 1, 
comprising (1) an amino acid sequence represented by SEQ ID NO: 1, (2) 
an amino acid sequence in which 1 to 40 amino acids from the N terminal 
in the amino acid sequence represented by SEQ ID NO: 1 have been 
deleted, (3) an amino acid sequence represented by SEQ ID NO: 2, or (4) 
an amino acid sequence in which 1 to 40 amino acids from the N terminal 
in the amino acid sequence represented by SEQ ID NO: 2 have been 
deleted. 

[Claim 4] A betacellulin mutein or salt thereof according to Claim 1, 
comprising (1) an amino acid sequence represented by SEQ ID NO: 1, (2) 
an amino acid sequence represented by SEQ ID NO: 2, (3) an amino acid 
sequence represented by SEQ ID NO: 3, or (4) an amino acid sequence 
represented by SEQ ID NO: 4. 

[Claim 5] A method for manufacturing a betacellulin mutein or salt 
thereof according to Claim 1, characterized by culturing the 
transformants which have been transformed with recombinant vectors 
containing DNA encoding the betacellulin mutein according to Claim 1 to 
produce said betacellulin mutein. 

{Claim 6} A pharmaceutical composition comprising a betacellulin 
mutein or salt thereof according to Claim 1. 

[Claim 7] A method for prophylaxis or treatment for diabetes, 
comprising a betacellulin mutein or salt thereof according to Claim 1. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention pertains] 

The present invention relates to muteins (hereinafter, sometimes 
to be referred to as mutated- protein) with less growth promoting 
activity (EGF activity) for smooth muscle cells while preserving 
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activity in differentiating betacellulin into pancreatic (3 cells (BTC 
activity), as well as a manufacturing method thereof, etc. 

[0002] 
[Prior Art] 

Human betacellulin is a protein factor consisting of 80 amino 
acids excised from a precursor consisting of 178 amino acids. The 
entire amino acid sequence has been identified (Sasada et al, Biochem. 
Biophys. Res. Commun., 190:1173 (1993)). Betacellulin was first 
discovered as a factor having mouse 3T3 cell growth promoting activity, 
and has subsequently been found to have vascular smooth muscle cell and 
retinal pigment epithelial cell growth promoting activity (EGF 
activity) (Shing et al, Science, 259:1604 (1993)). It has been found 
that betacellulin also acts on pancreatic undifferentiated cells, 
promoting their differentiation to pancreatic 0 cells which produce 
insulin (BTC activity) (Mashima et al, J. Clinic. Invest., 97:1647 
(1996)) . 

Since betacellulin has differentiation promoting activity to 
pancreatic P cells which produce insulin, it is thus considered to be a 
potentially useful as prophylactic and therapeutic agent for diabetes 
(such as insulin -dependent diabetes) as well as pancreatic dysfunction 
and the like associated with diabetes (Miyagawa et al, Abstracts of the 
1997 Japan Diabetes Association Conference, 125) . 
[0003] 

[Problem to be solved by the Invention] 

However, since betacellulin has such vascular smooth muscle cell 
and retinal pigment epithelial cell growth promoting activity, these 
activities have proven to be a problem in applications as a therapeutic 
agent for diabetes. 

The potential of such pharmaceuticals could therefore be improved 
if the growth promoting activity of the vascular smooth muscle cells 
and the like could be reduced while preserving the action in promoting 
pancreatic (3 cell differentiation, but no such betacellulin muteins are 
thus far known. 

[0004] 

[Means for solving a problem] ' 

As a result of extensive research on betacellulin muteins, the 
inventors perfected the present invention upon the discovery and 
further research of muteins in which betacellulin mutations allowed the 
smooth vascular muscle growth promoting activity and the like to be 
reduced while preserving the pancreatic P cell differentiation 
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promoting activity, with no antigenicity- related problems when 
administered to the living body. That is, the present invention 
relates to betacellulin muteins, a method for obtaining said muteins 
and the like. 
[0005] 

That is, the present invention relates to: 

(1) A betacellulin mutein or salt thereof, wherein 1 to 40 amino acid 
residues from the N terminal of the betacellulin may be deleted, and 1 
to 4 of the first through fourth amino acid residues from the C 
terminal, including the Leu at 3 from the C terminal and the Asp at 4 
from the C terminal, may be deleted or substituted with other amino 
acid residues or other peptide chains; 

(2) A betacellulin mutein or salt thereof according to (1) above, 
wherein 1 to 40 amino acid residues from the N terminal have been 
deleted; 

(3) A betacellulin mutein or salt thereof according to (1) above, 
comprising 1) an amino acid sequence represented by SEQ ID NO: 1, 2) an 
amino acid sequence in which 1 to 40 amino acids from the N terminal in 
the amino acid sequence represented by SEQ ID NO: 1 have been deleted, 
3) an amino acid sequence represented by SEQ ID NO: 2, or 4) an amino 
acid sequence in which 1 to 40 amino acids from the N terminal in the 
amino acid sequence represented by SEQ ID NO: 2 have been deleted; 

(4) A betacellulin or salt thereof according to (1) above, comprising 
1) an amino acid sequence represented by SEQ ID NO: 1, 2) an amino acid 
sequence represented by SEQ ID NO; 2, 3) an amino acid sequence 
represented by SEQ ID NO: 3, or 4) an amino acid sequence represented 
by SEQ ID NO: 4; 

(5) A method for manufacturing a betacellulin or salt thereof 
according to (1) above, characterized by culturing the transformants 
which have been transformed with recombinant vectors containing DNA 
encoding the betacellulin according to (1) above to produce said 
betacellulin mutein; 

(6) A pharmaceutical composition comprising a betacellulin or salt 
thereof according to (1) above. 

(7) A prophylactic or therapeutic drug for diabetes, comprising a 
betacellulin or salt thereof according to (1) above. 

[0006] 

[Mode for Carrying Out The Invention] 
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As described above, the betacellulin muteins of the present 
invention have reduced or attenuated EGF activity while preserving 
intact BTC activity. 

Specific examples of betacellulin muteins with reduced EGF 
activity and intact BTC activity of the present invention include 
betacellulin muteins^ or their salts, in which 1 to 40 amino acid 
residues may be deleted from the N terminal of the betacellulin, and 1 
to 4 amino acid residues of the first through fourth amino acid 
residues from the C terminal, including the Leu at 3 from the C 
terminal and the Asp at 4 from the C terminal, may be deleted or 
substituted with other amino acid residues or other peptide chains. 
More specific examples include the aforementioned betacellulin muteins 
or the like in which 1 to 40 amino acid residues have been deleted from 
the N terminal. 

As used herein, betacellulin means a polypeptide having the amino 
acid sequence represented by the following, SEQ ID NO: 35, as described 
in Sasada et al., Biochem. Biophys. Res. Commun., 190:1173 (1993)). 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser 
Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys Gly Arg Cys Arg Phe Val 
Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr lie Gly Ala Arg 
Cys Glu Arg Val Asp Leu Phe Tyr 

The aforementioned "substitution by other amino acid residues or 
peptide chains" mentioned in the expression "betacellulin muteins in 
which residues are substituted with other amino acid residues or other 
peptide chains" may refer to any type of amino acid residue or peptide 
chain, provided that the substitution does not compromise the 
characteristic feature of the betacellulin mutein which results in 
"reduced EGF activity and intact BTC activity and does not occur the 
antigenicity- related problem at the administration of said betacellulin 
into living body." Specific examples of "other amino acids" above can 
be selected from other amino acids among the class to which amino acid 
of said amino acid sequence pertains. . For example, nonpolar 
(hydrophobic) amino acids include alanine, leucine, isoleucine, valine, 
proline, phenylalanine, tryptophan, and methionine. Polar (neutral) 
amino acids include glycine, serine, threonine, cysteine, tyrosine, 
asparagine, and glutamine. Amino acids with a positive charge (basic) 
include arginine, lysine, and histidine. Amino acids with a negative 
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charge (acidic) include aspartic acid and glutamic acid. Specific 
examples of the "other peptide chains 11 above refer to peptide chains of 
two or more "other amino acids" bound together, and preferably includes 
peptide chains consisting of 2 to 4 amino acid residues. 
[0007] 

The following are specific examples of "betacellulin muteins in 
which 1 to 40 amino acid residues may be deleted from the N terminal of 
the betacellulin, and 1 to 4 amino acid residues of the first through 
fourth amino acid residues from the C terminal, including the Leu at 3 
from the C terminal and the Asp at 4 from the C terminal, may be 
deleted or substituted with other amino acid residues or other peptide 
chains . " 

(1) Betacellulin muteins having the following amino acid sequence 
up to the 76 th position from the N terminal of betacellulin, 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser 
Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys Gly Arg Cys Arg Phe Val 
Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr lie Gly Ala Arg 
Cys Glu Arg Val 

where 1 to 4 amino acid residues of the first through fourth amino acid 
residues (Asp Leu Phe Tyr) from the C terminal, including the Leu at 3 
from the C terminal and the Asp at 4 from the C terminal, has been 
deleted or substituted with other amino acid residues or other peptide 
chains, such as ((D) betacellulin muteins having the amino acid 
sequence represented by SEQ ID NO: 2: 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser 
Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys Gly Arg Cys Arg Phe Val 
Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr lie Gly Ala Arg 
Cys Glu Arg Val 

( (2) ) betacellulin muteins having the amino acid sequence represented 
by SEQ ID NO: 1: 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser 
Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie 



Gly Leu Leu Cys Gly Asp Pro 
Lys Arg Lys Gly His Phe Ser 
Lys Gly Arg Cys Arg Phe Val 
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Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr lie Gly Ala Arg 
Cys Glu Arg Val Asp 

((3)) betacellulin muteins having the amino acid sequence represented 
by SEQ ID NO: 5: 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser 
Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys Gly Arg Cys Arg Phe Val 
Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr lie Gly Ala Arg 
Cys Glu Arg Val Leu Phe Tyr 

((4)) betacellulin muteins having the amino acid sequence represented 
by SEQ ID NO: 6: 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser 
Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys Gly Arg Cys Arg Phe Val 
Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr lie Gly Ala Arg 
Cys Glu Arg Val Leu Phe 

( (5) ) betacellulin muteins having the amino acid sequence represented 
by SEQ ID NO: 7: 

Asp Gly Asn Ser Thr Arg Ser Fro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser 
Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys Gly Arg Cys Arg Phe Val 
Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr lie Gly Ala Arg 
Cys Glu Arg Val Leu 

{(6)) betacellulin muteins having the amino acid sequence represented 
by SEQ ID NO: 8: 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser 
Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys Gly Arg Cys Arg Phe Val 
Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr lie Gly Ala Arg 
Cys Glu Arg Val Asp Phe Tyr 
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((7)) betacellulin muteins having the amino acid sequence represented 
by SEQ ID NO: 9: 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser 
Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys Gly Arg Cys Arg Phe Val 
Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr He Gly Ala Arg 
Cys Glu Arg Val Asp Phe 

( (8) ) betacellulin muteins in which the amino acid residue at 3 (Leu) 
from the C terminal of betacellulin is substituted with another amino 
acid residue. 

Of the above, betacellulin muteins comprising the amino acid 
sequences represented by SEQ ID NO: 1 or betacellulin muteins 
represented by SEQ ID NO: 2 are particularly preferred. 

[0008] 

(2) Betacellulin proteins in which the 1 st to 40 th amino acid 
residues may be deleted from the N terminal of betacellulin 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser 
Arg Cys Pro Lys 

the mutein has the following amino acid sequence from the 41 st through 
76 th residues from the N terminal 

Gin Tyr Lys His Tyr Cys He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin 
Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val 

and 1 to 4 amino acid residues of the first through fourth amino acid 
residues (Asp Leu Phe Tyr) from the C terminal, including the Leu at 3 
from the C terminal and the Asp at 4 from the C terminal, are deleted 
or substituted with other amino acid residues or other peptide chains, 
preferably betacellulin muteins in which the 1 st to 37 th amino acid 
residues from the N terminal of betacellulin may be deleted 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser 
Arg 
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the mutein has the following amino acid sequence from the 38 th through 
76 th residues from the N terminal 

Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys Gly Arg Cys Arg Phe Val Val 
Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys 
Glu Arg Val 

and 1 to 4 amino acid residues of the first through fourth amino acid 
residues (Asp Leu Phe Tyr) from the C terminal, including the Leu at 3 
from the C terminal and the Asp at 4 from the C terminal, are deleted 
or substituted with other amino acid residues or other peptide chains 
preferably, 

((D) betacellulin muteins having the amino acid sequence represented 
by SEQ ID NO: 4: 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 
Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu 
Gly Tyr He Gly Ala Arg Cys Glu Arg Val 

((2)) betacellulin muteins having the amino acid sequence represented 
by SEQ ID NO: 3: 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 
Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu 
Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp 

((3)) betacellulin muteins having the amino acid sequence represented 
by SEQ ID NO: 10: 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 
Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu 
Gly Tyr lie Gly Ala Arg Cys Glu Arg Val Leu Phe Tyr 

((4)) betacellulin muteins having the amino acid sequence represented 
by SEQ ID NO: 11: 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 
Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu 
Gly Tyr He Gly Ala Arg. Cys Glu Arg Val Leu Phe 



THIS PAGE BLANK (uspto) 




HI 0-350377 



((5)) betacellulin muteins having the amino acid sequence represented 
by SEQ ID NO: 12: 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 
Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu 
Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu 

((6)) betacellulin muteins having the amino acid sequence represented 
by SEQ ID NO: 13: 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 
Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu 
Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Phe Tyr 

((7)) betacellulin muteins having the amino acid sequence represented 
by SEQ ID NO: 14: 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys- His Tyr Cys He Lys 
Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu 
Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Phe 

((8)) betacellulin muteins in which the 3 rd amino acid residue from the 
C terminal (Leu) in partial peptides represented by the amino acid 
sequence from 31 through 80 of the N terminal of betacellulin is 
substituted with another amino acid residue. 

Preferred among these are betacellulin muteins with amino acid 
sequences represented by SEQ ID NOs: 3 or 4. 
[0009] 

Among the preferred examples oikbetacellulin muteins of the 
present invention given in (1) and (2)\above, especially preferable 
examples include betacellulin muteins with ((D) an amino acid sequence 
represented by SEQ ID NO: 1, ((2)) an amino acid sequence in which 1 
through 40 amino acids from the N terminal have been deleted in the 
amino acid sequence represented by SEQ ID NO: 1, ((3)) an amino acid 
sequence represented by SEQ ID NO: 2, or ((4)) an amino acid sequence 
in which 1 through 40 amino acids from the N terminal have been deleted 
in the amino acid sequence represented by SEQ ID NO: 2. 

Especially preferable are betacellulin muteins with ((D) an 
amino acid sequence represented by SEQ ID NO: 1, ((2)) an amino acid 
sequence represented by SEQ ID. NO: 2, ((3)) an amino acid sequence 
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represented by SEQ ID NO: 3, or ((4)) an amino acid sequence 
represented by SEQ ID NO: 4. 
[0010] 

In accordance with the conventional manner for designating 
peptides, the left terminal of the betacellulin muteins in the present 
Specification is referred to as the N terminal (amino terminal) , and 
the right terminal is referred to as the C terminal (carboxyl terminal) . 
The C terminal of these betacellulin muteins is usually a carboxyl 
group (-COOH) or carboxylate (-COO"), but the C terminal may also be an 
amide (-CONH 2 ) or ester (-COOR) . Examples of R in such esters include 
Ci. 6 alkyl groups such as methyl, ethyl, n- propyl, isopropyl, or n- butyl, 
C 3 . 8 cycloalkyl groups such as cyclopentyl and cyclohexyl, C 6 -i2 aryl 
groups such as phenyl and oc-naphthyl, phenyl -Ci. 2 alkyls such as benzyl, 
phenethyl, and benzhydryl, or C 7 .i 4 aralkyl groups such as a-naphthyl-C 2 . 
2 alkyls such as ot-naphthylmethyl , and pivaloyloxymethyl groups, which 
is used as an ester for oral administration. 

Examples of salts of the betacellulin muteins of the present 
invention include salts with physiologically acceptable bases (e.g., 
alkali metals) or acids (organic and inorganic acids), in particular 
physiologically acceptable acid salts are preferred. Examples of such 
salts include salts with inorganic acids (e.g., hydrochloric acid, 
phosphoric acid, hydrobromic acid, and sulfuric acid) , and acids with 
organic acids (e.g., acetic acid, formic acid, propionic acid, fumaric 
acid, maleic acid, succinic acid, tartaric acid, citric acid, malic 
acid, oxalic acid, benzoic acid, methanesulfonic acid, and 
benzenesulfonic acid) . 

[0011] 

The betacellulin muteins of the present invention can be prepared 
by genetic engineering as described in Japanese Unexamined Patent 
Application (Kokai) H6- 87894, for example, or by a protease treatment 
that is publicly known, preferably a carboxypeptidase treatment, and 
even more preferably bovine pancreatic carboxypeptidase A treatment, of 
betacellulin obtained by the culture of beta tumor cells. They can 
also be prepared according to the peptide synthesis described below. 
They can furthermore be manufactured by the culture of transf ormants 
containing DNA encoding betacellulin muteins, as described below. 

When the betacellulin is manufactured from human or mammalian 
tissue or cells, the human or mammalian tissue or cells should be 
homogenized and then extracted with acid or the like, and the extract 
should be purified and isolated through a combination of salting out, 
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dialysis, gel filtration, and chromatography such as reverse phase 
chromatography, ion exchange chromatography, and affinity 
chromatography . 
[0012] 

Peptides may be synthesized by either solid phase synthesis or 
liquid phase synthesis, for example. That is, partial peptides or 
amino acids capable of composing the betacellulin muteins of the 
present invention are condensed with the remainder, and protection 
groups are eliminated when the product has protection groups, whereby 
the target betacellulin muteincan be manufactured. The publicly known 
methods for condensation and the removal of protection groups include 
the following methods in (1) through (5) . 

(1) M. Bodanszky and M.A. Ondetti, Peptide Synthesis, 
Interscience Publishers, New York (1966) 

(2) Schroeder and Luebke, The Peptide, Academic Press, New York 

(1965) 

(3) Nobuo Izumiya et al. Peptide Synthesis Fundamentals and 
Experiments, Maruzen (1975) 

(4) Jimei Yashima and Toshihira Kashiwahara, Basic Biochemical 
Experiments, Vol, 1, Protein Chemistry IV, 205 (1977) 

(5) Sequel Development of Medical Drugs, Vol. 14, Peptide 
Synthesis, Kadokawa Shoten, Ed. Jimei Yashima 

After the reaction, the polypeptide of the present invention can 
be purified and isolated by a combination with, for example, solvent 
extraction, distillation, column chromatography, liquid chromatography, 
and recrystallization. When the resulting polypeptide is in free form, 
it can be converted to a suitable salt by a publicly known method. 
Alternatively, when a salt form is obtained, it can be converted to 
free form by a publicly known method. 

[0013] 

Commercially available peptide binding resins suitable for amide 
formation can be used for amide forms of betacellulin. Examples of 
such resins include chloromethyl resins, hydroxymethyl resins, 
benzhydryl amine resins, aminomethyl resins, 4-benzyloxybenzyl alcohol 
resins, 4 - me thylbenzhydryl amine resins, PAM resins, 4 -hydroxymethyl 
methylphenyl acetamide methyl resins, polyacrylamide resins, 4-(2',4 , ~ 
dimethoxyphenyl -hydroxymethyl) phenoxy resins, and 4 - (2 1 , 4 ■ - 
dimethoxyphenyl-Fmoc aminoethyl) phenoxy resins. Such resins can be 
used for the condensation of amino acids with suitably protected side 
chain functional groups and ot-amino groups on resin in accordance with 
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various publicly known methods of condensation as befits the sequence 
of the intended peptide. After the reaction, the peptide is excised 
from the resin, the various protection groups are simultaneously 
removed, and a reaction for forming intramolecular disulfide bonds is 
brought about in a highly diluted solution as needed to obtain the 
target amide forms. 

Although various activating reagents that can be used for peptide 
synthesis may be used for the condensation of such protected amino 
acids, carbodiimides are particularly preferred. Examples of 
carbodiimides include DCC, N,N' -diisopropylcarbodiimide, and N-ethyl- 
N* - (3 -dimethyl aminopropyl) carbodiimide . For activation with the above, 
racemization inhibitors (e.g., HOBt and HOOBt) and protected amino 
acids can be added directly to the resin, or they can be added in the 
form of corresponding acid anhydrides or HOBt esters or HOOBt esters to 
the resin after the activation of the protected amino acids. Solvents 
which are used for the condensation with resins or the activation of 
protected amino acids can be suitably selected from solvents which are 
known to be capable of being used for peptide condensation. Examples 
include acid amides such as N, N- dimethyl formamide, N,N- 
dimethylacetamide, and N-methylpyrrolidone, halogenated hydrocarbons 
such as methylene chloride and chloroform, alcohols such as 
trif luoroethanol, sulfoxides such as dimethylsulfoxide, tertiary amines 
such as pyridine, ethers such as dioxane and tetrahydrofuran, nitriles 
such as acetonitrile and propionitrile, esters such as methyl acetate 
and ethyl acetate, and suitable mixtures of the above. The reaction 
temperature can be suitably selected from within the known usable range 
in the formation of peptide bonds, which is usually about -20 to 50°C. 
Activated amino acid derivatives are usually used in an excess amount 
of 1.5 to 4 folds. When ninhydrin reaction tests reveal insufficient 
condensation, the condensation is repeated without removing the 
protection groups until sufficient condensation has been achieved. 
When repeated reaction fails to provide sufficient condensation, acetic 
acid anhydride or acetyl imidazole may be used for the acetylation of 
the unreacted amino acids to avoid influencing subsequent reactions. 

Examples of protection groups for the amino groups of starting 
material amino acids include Z, Boc, tertiary -pen tyloxycarbonyl, 
i sobornyloxycarbonyl , 4 -methoxybenzyloxycarbonyl , CI - Z , Br - Z , 
adamantyloxycarbonyl, trif luoroacetyl, phthaloyl, formyl, 2- 
nitrophenylsulfenyl, diphenyiphosphinothioyl, and Fmoc. Examples of 
protection groups for carboxyl groups include those in which R is a Ci-e 
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alkyl group, C 3 . 8 cycloalkyl group, or C7.14 aralkyl group, as well as 2- 
adamantyl, 4-nitrobenzyl, 4 -methoxybenzyl , and 4-chlorobenzyl, phenacyl 
groups, and benzyloxycarbonylhydrazide, tertiary - 
butoxycarbonylhydrazide, and tritylhydrazide. 

The hydroxyl groups of serine and threonine can be protected, for 
example, by esterif ication or etherif ication. Examples of groups that 
are suitable for esterif ication include lower alkanoyl groups such as 
acetyl, alloyl groups such as benzoyl, and carbon -derived groups such 
as benzyloxycarbonyl and ethoxycarbonyl . Examples of groups that are 
suitable for etherif ication include benzyl, tetrahydropyranyl , and 
tertiary -butyl groups . 

Examples of protection groups for phenolic hydroxyl groups of 
tyrosine include Bzl, Cl 2 -Bzl, 2-nitrobenzyl, Br-Z, and tertiary-butyl. 

Examples of protection groups for imidazoles of histidine include 
Tos, 4-methoxy-2,3,6-trimethylbenzenesulfonyl, DNP, benzyloxymethyl, 

Bum, Boc, Trt, and Fmoc. 

Examples for activated carboxyl groups in the starting 
materialinclude corresponding acid anhydrides, azides, and active 
esters (esters with alcohols (e.g., pentachlorophenol , 
2,4,5-trichlorophenol, 2, 4 -dinitrophenol , cyanomethyl alcohol, para- 
nitrophenol, HONB, N-hydroxysuccimide, N-hydroxyphthalimide, and HOBt) ) . 
Examples for activated amino groups in the starting material include 
the corresponding phosphoric amides. 
[0014] 

Methods for removing (eliminating) protection groups include 
direct contact reduction in a hydrogen flow in the presence of a 
catalyst such as Pd black or Pd carbon, acid treatment with anhydrous 
hydrogen fluoride, methanesulfonic acid, trif luoromethanesulfonic acid, 
trifluoroacetic acid, or mixtures thereof, base treatment with 
diisopropylethylamine, triethyl amine, piperidine, or piperazine, or 
reduction with sodium in liquid ammonia. The eliminating reaction by 
acid treatment above performed at a temperature of -20 to 40°C, but it 
is effective to add a cation scavenger such as anisol, phenol, 
thioanisol, meta-cresol, para-cresol, dimethyl sulfide, 
1,4-butanedithiol, or 1, 2-ethanedithiol. 2,4-dinitrophenyl used as a 
imidazole protection group for histidine can be removed by treatment 
with thiophenol, while formyl groups used as indole protection groups 
for tryptophan can be removed by acid treatment in the presence of the 
aforementioned 1, 2-ethanediol, 1,4-butanedithiol, or the like, and can 
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also be removed by alkali treatment with diluted sodium hydroxide, 
diluted ammonia, or the like. 

Methods for introducing protection groups to functional groups 
which are not to be involved in the reaction and the protection groups, 
the elimination of such protection groups, the activation of functional 
groups involved in the reaction, and the like should be managed by 
publicly known methods or modification thereof. 

In another method for obtaining an amide form, the ot-carboxyl 
group of the carboxyl terminal amino acid is first amidated, the 
peptide chain is then extended to the desired length to the amino group 
side, a peptide except for only the protection groups for the ot-amino 
groups on the N terminal of the peptide chain and a peptide (or amino 
acid) except for only the protection groups for the carboxyl groups on 
the C terminal are then prepared, and the two peptides are allowed to 
undergo condensation in a solvent mixture such as the above. The 
details of the condensation are the same as above. After the protected 
peptides resulting from the condensation have been purified, all the 
protection groups can removed by the methods described above to obtain 
the desired crude polypeptide. The crude polypeptide can be purified 
through a variety of known purification techniques, and the main 
fractions can be lyophilized, giving the desired amide form of the 
polypeptides . 

To obtain the ester form of betacellulin muteins, the a- carboxyl 
groups of the amino acids on the carboxyl terminal undergo condensation 
with a desired alcohol to produce an amino acid ester, and the desired 
ester form of the polypeptides can then be obtained in the same manner 
as the amide form. 

[0015] 

Examples of DNA encoding the betacellulin muteins in the present 
invention include any DNA comprising DNA encoding a betacellulin mutein 
in which 1 to 4 0 amino acid residues from the N terminal of the 
betacellulin may be deleted, and 1 to 4 amino acid residues of the 
first through fourth amino acid residues from the C terminal, including 
the Leu at 3 from the C terminal and the Asp at 4 from the C terminal, 
may be deleted or substituted with other amino acid residues or other 
peptide chains. Specific examples include any DNA with a base sequence 
encoding a betacellulin mutein containing an amino acid sequence 
represented by SEQ ID NOs: 1 through 14 in the present invention. 

More specific examples include (1) DNA containing DNA with a base 
sequence represented by SEQ ID NOs : 15 through 28 as the DNA encoding 
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betacellulin mutein having an amino acid sequence represented by SEQ ID 
NOs: 1 through 14, (2) DNA from mammals hybridizing with a sequence in 
(1) above under stringent conditions, and (3) DNA which does not form 
hybrids with the sequences specified in (1) and (2) because of genetic 
code degeneracy but which codes for a polypeptide having the same amino 
acid sequence. Hybridization can be performed by publicly known 
methods or modification thereof. The stringent conditions described 
above include, for example, a temperature of 42°C, 50% formamide, 4 * 
SSPE (1 x SSPE = 150 mM NaCl, 10 mM NaH 2 P0 4 H 2 0, 1 mM EDTA, pH 7.4), 5 
x Denhardt's solution, and 0.1% SDS. 
[0016] 

Expression vectors for the betacellulin muteins of the present 
invention, which are used when the betacellulin muteins of the present 
invention are manufactured by culturing the trans formants comprising 
DNA encoding betacellulin, can be manufactured, for example, by (1) 
excising target DNA fragments from the DNA encoding a betacellulin 
mutein of the present invention, and (2) ligating the DNA fragments 
downstream of a promoter in a suitable expression vector. 

Examples of vectors include E. coll plasmids (e.g., pBR322, 
pBR325, pUC12, and pUC13) , Bacillus svhtllis plasmids (e.g., pUBHO, 
pTP5, and pC194) , yeast plasmids (e.g., pSH19 and pSH15) , 
bacteriophages such as □ phages, and animal viruses such as 
retroviruses, vaccinia viruses, and baculoviruses . 

Examples of promoters which may be used include any suitable 
promoters corresponding to the host used to express the gene. 
[0017] 

When the host is an animal cell during transformation, it can be 
beneficial to use an SV40- derived promoter, retrovirus promoter, 
metallothionein promoter, heat shock promoter, cytomegalovirus promoter, 
SRa promoter, or the like. Preferred examples for E. coli hosts 
include the trp promoter, T7 promoter, lac promoter, recA promoter, DPL 
promoter, Ipp promoter, and the like, preferred examples for Bacillus 
hosts include the SPOl promoter, SP02 promoter, penP promoter, and the 
like, and preferred examples for yeast hosts include the PH05 promoter, 
PGK promoter, GAP promoter, ADH1 promoter, GAL promoter, and the like. 
When the host is an insect cell, polyhedrin promoters and P10 promoters, 
etc. are preferred. 

In addition to the above, expression vectors can also include 
enhancers, splicing signals, polyA signals, selection markers, SV40 
origin of replication (henceforth, sometimes also referred to as 
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SV4 0ori) , and the like as desired. Examples of selection markers 
include the dihydrof olate reductase (dhfr) gene (methotrexate (MTX) 
resistance) , the ampicillin resistance gene (Amp r ) , and the neomycin 
resistance gene (G418 resistance, sometimes referred to as Neo) . 
Thymidine -free media can be used for selection, particularly in cases 
where the DHFR gene is used as the selection marker with CHO (dhfr) 
cells. 

A signal sequence adapting the host may be added to the N 
terminal side of the betacellulin mutein as needed. Preferred examples 
include a phoA signal sequence, OmpA signal sequence, or the like for E. 
coli hosts. Preferred examples include an ot-amylase signal sequence, 
subtilisin signal sequence or the like for Bacillus hosts. Preferred 
examples include a mating factor ot(MFOt) signal sequence, invertase 
signal sequence, or the like for yeast hosts. Preferred examples 
include an insulin signal sequence, a- interferon signal sequence, 
antibody molecule signal sequence, or the like for animal cell hosts. 

A vector constructed in this manner, containing DNA encoding a 
betacellulin mutein, can be used to manufacture trans formants. 

[0018] 

Hosts which can be used include, for example, E. coli, Bacillus, 
yeasts, insects or insect cells, and animal cells. 

Examples of E. coli include E. coli K12 DH1 (Proc. Natl. Acad. 
Sci. USA), 60:160 (1968)), JM103 (Nucleic Acids Research, 9:309 (1981)), 
JA221 (Journal of Molecular Biology, 120:517 (1978)), HB101 (Journal of 
Molecular Biology, 41:459 (1969)), C600 (Genetics, 39:440 (1954)), and 
MM294 (Proc. Natl. Acad. Sci. USA, 73:4174 (1976)). 

Examples of Bacillus include Bacillus subtilis MI114 (Gene, 
24:255 (1983)), and 207-21 (Journal of Biochemistry, 95:87 (1984)). 
[0019] 

Examples of yeasts include Saccharomyces cerevisiae AH22, AH22R* , 
NA87-11A, DKD-5D, and 20B-12. 

Examples of insects include silkworm larvae (Maeda et al., Nature, 
315:592 (1985) ) . 

Examples of insect cells include, in the case of the AcNPV virus, 
established cell lines derived from larvae of Spodoptera frugiperda (Sf 
cells) , MG1 cells derived from Trichoplusia ni mid-gut cells, High 
Five™ cells derived from Trichoplusia ni ovarian cells, cells derived 
from Mamesira brassicae, and cells derived from Estigmena acrea. 
Examples for when the virus is BmNPV include established cell lines 
derived from Bombyx mori N (BmN cells) . Examples of Sf cells include 
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Sf9 cells (ATCC CRL1711) and Sf21 cells (J.L. Vaughn et al., in Vitro, 
Vol. 13, pp. 213-217 (1977)). 

Examples of animal cells include monkey COS-7 cells, Vero cells, 
Chinese hamster cells CHO, DHFR gene-deficient Chinese hamster cells 
CHO (dhfr'CHO cells) , mouse L cells, mouse 3T3 cells, mouse myeloma 
cells, human HEK293 cells, human FL cells, 293 cells, C127 cells, 
BALB3T3 cells, and Sp-2/O cells. 

E. coli can be transformed, for example, by a method described in 
Proc. Natl. Acad. Sci. USA, 69:2110 (1972) or Gene, 17:107 (1982). 

Bacillus can be transformed, for example, by a method described 
in Molecular & General Genetics, 168:111 (1979). 

Yeasts can be transformed, for example, by a method described in 
Proc. Natl. Acad. Sci. USA, 75:1929 (1978). 
[0020] 

Insect cells and insects can be transformed, for example, by a 
method described in Bio /Technology , 6, pp. 47-55 (1988). 

Animal cells can be transformed, for example, by a method 
described in Virology, 52:456 (1973) . 

Examples of methods for introducing expression vectors into cells 
include lipofection method (P.L. Feigner et al. in Proceedings of the 
National Academy of Sciences of the United States of America, Vol. 84, 
p. 7413 (1987)), calcium phosphate method (F.L. Graham and A.J. van der 
Eb in Virology, Vol. 52, pp. 456-467 (1973)), electroporation (E. 
Nuemann et al. in EMBO J., Vol. 1, pp. 841-845 (1982)) and the like. 

Transformants which have been transformed in expression vectors 
containing DNA encoding the betacellulin muteins of the present 
invention can be obtained in this manner. 

In one method for stable expression of the betacellulin muteins 
of the present invention using animal cells, cells incorporating an 
expression vector introduced into the aforementioned animal cells to 
chromosome are selected by clone selection. Specifically, 
transformants are selected using the aforementioned selection markers 
as indicators. It is also possible to obtain stable animal cell lines 
with a high expression capacity for the betacellulin muteins of the 
present invention etc. through repeated clone selection of animal cells 
obtained using selection markers in this manner. When a dhfr gene is 
used as a selection marker, culture can be carried out as the MTX 
concentration is gradually increased, and resistant strains can be 
selected so that intracellular amplification of DNA encoding the 



19 



PAGE BLANK (uspto) 



H 10-350377 



betacellulin muteins of the present invention together with the dhfr 
gene gives an animal cell line with even higher expression. 

The betacellulin muteins of the present invention can be 
manufactured by culturing the aforementioned transformants under 
conditions allowing the expression of DNA encoding the betacellulin 
muteins of the present invention, and producing and accumulating the 
betacellulin muteins of the present invention. 

When culturing transformants with E. coli or Bacillus hosts, 
liquid media are suitable for the culture, and can contain carbon 
sources, nitrogen sources, inorganic material, and other materials 
necessary for the growth of the transformants. Carbon sources include 
glucose, dextrins, soluble starches, and sucrose, and nitrogen sources 
include inorganic or organic substances such as ammonium salts, 
nitrates, corn steep liquor, peptone, casein, meat extract, soybean 
cake, and potato extract. Examples of inorganic materials include 
calcium chloride, sodium dihydrogen phosphate, and magnesium chloride. 
Yeasts, vitamins, growth promoting factors, and the like may also be 
added. The medium pH is preferably about 5 to 8. 

[0021] 

A preferred media for culturing E. coll is M9 medium containing 
glucose and casamino acid (Miller, Journal of Experiments in Molecular 
Genetics, pp. 431-433, Cold Spring Harbor Laboratory, New York (1972) ) . 
A chemical such as 3P-indoleacrylic acid can be added to enhance the 
promoter as needed. 

In cases where the host is E. coli t the culture usually takes 
about 3 to 24 hours at about 15 to 43°C. The culture can be aerated or 
stirred as needed. ' 

In cases where the host is Bacillus, the culture usually takes 
about 6 to 24 hours at about 30 to 40°C. The culture can be aerated or 
stirred as needed. 

Examples of media for the culture of transformants with yeast 
hosts include Burkholder minimum medium (K.L. Bostian et al., Proc. 
Natl. Acad. Sci. USA, Vol. 77, 4505 (1980), and SD medium containing 
0.5% casamino acid (G. A. Bitter et al . , Proc. Natl. Acad. Sci. USA, Vol. 
81, 5330 (1984) . The medium pH may preferably be adjusted to between 
about 5 and 8. The culture usually takes about 24 to 72 hours at about 
20 to 35°C. The culture can be aerated or stirred as needed. 

[0022] 

Examples of media for the culture of transformants with insect 
cell hosts include Grace's Insect Medium (T.C.C. Grace, Nature, 195:788 
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(1962) suitably supplemented with additives such as 10% immobilized 
bovine serum. The medium pH should be adjusted to between about 6.2 
and 6.4. The culture usually takes about 3 to 5 days at about 27°C. 
The culture can be aerated or stirred as needed. 

Examples of media for the culture of transformants with animal 
cell hosts include MEM medium containing about 5 to 20% fetal calf 
serum (Science, 122:501 (1952), DMEM medium (Virology. 8:396 (1959), 
RPMI 1640 medium (The Journal of the American Medical Association, 
199:519 (1967), and 199 medium (Proceedings of the Society for 
Biological Medicine, 73:1 (1950) . The pH may preferably be about 6 to 
8. The culture was usually performed for 15 to 60 hours at about 30 to 
40°C. The culture can be aerated or stirred as needed. 

Particularly when CHO (dhfr*) cells and dhfr genes are used as 
selection markers, DMEM medium containing dialyzed fetal calf serum 
with virtually no thymidine is preferably used. 

[0023] 

The betacellulin muteins of the present invention can be isolated 
and purified from the aforementioned cultures in the following manner, 
for example. 

When the betacellulins of the present invention are extracted 
from cultured bacterial cells or cells, the bacterial cells or cells 
are collected by a publicly known method after completion of the 
culture and are suspended in a suitable buffer, they are disrupted by 
ultrasonication, lysozyme treatment and/or by freezing and thawing, 
etc., and the polypeptide crude extract is then obtained by 
centrifugation or filtration. The buffer may also contain a protein 
denaturant such as urea or guanidine hydrochloride, or a surfactant 
such as Triton X-100 (registered trademark ("*)). 

When betacellulin muteins are secreted in the culture broth, the 
bacterial cells or cells are separated from the supernatant by a 
publicly known method after completion of the culture, and the 
supernatant is collected. 

The polypeptides of the present invention contained in the 
extract or culture supernatant obtained in this manner can be purified 
by a suitable combination of publicly known methods of isolation and 
purification. Examples of such publicly known methods of isolation and 
purification include methods utilizing the degree of dissolution such 
as solvent precipitation or salting out, methods utilizing differences 
primarily in molecular weight such as dialysis, ultrafiltration, gel 
filtration, and SDS-polyacrylamide gel electrophoresis, methods making 
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use of differences in charge such as ion exchange chromatography, 
methods utilizing specific affinity such as affinity chromatography, 
methods utilizing hydrophobic differences such as reverse phase HPLC, 
and methods utilizing differences in isoelectric point, such as 
isoelectric point electrophoresis and chroma to focusing. 

When the resulting betacellulin muteins of the present invention 
are obtained in free form, they can be converted to a salt by a 
publicly known method or a modification thereof. Alternatively, when 
they are obtained in the form of a salt, they can be converted to free 
form or another salt by a publicly known method or a modification 
thereof . 

Betacellulin muteins of the present invention produced by 
recombinants can be modified as desired through the action of suitable 
protein -modifying enzymes before or after purification, or the 
betacellulin muteins can be partially removed. Examples of protein- 
modifying enzymes include trypsin, chymo trypsin, arginylendopeptidase, 
protein kinase, and glycosidase. 

The resulting betacellulin muteins may be treated in a refolding 
step as described in Japanese Unexamined Patent Application (Kokai) 
H10- 191989, for example. Betacellulin muteins with an N terminal Met 
can be subjected to a reaction for removing the Met from the N terminal 
as described in Japanese Unexamined Patent Application (Kokai) H10- 
191989 in order to remove the N terminal Met. 

The presence of the resulting betacellulin muteins of the present 
invention can be determined by enzyme immunoassay or the like using 
specific antibodies. 

[0024] 

The betacellulin muteins in the present invention or DNA encoding 
the betacellulin muteins of the present invention can be used in the 
development of drugs for improving diseases such as diabetes (e.g., 
insulin -dependent diabetes etc.), pancreatic dysfunction associated 
with diabetes, or pancreatic dysfunction associated with senile 
insufficient insulin secretion, and drugs for diseases such as 
undifferentiated pancreatic cancer (particularly prophylactic and 
therapeutic drugs for diabetes (such as insulin -dependent diabetes) , 
etc. ) . 

[0025] 

Because the betacellulin muteins in the present invention or DNA 
encoding them have reduced EGF activity and no problems in terms of 
antigenicity, they can be useful as safe and low toxic drugs. The 
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polypeptides in the present invention or DNA encoding them can be used 
as drugs to improve diseases such as diabetes (such as insulin- 
dependent diabetes) , pancreatic dysfunction associated with diabetes, 
and pancreatic dysfunction associated with insufficient insulin 
secretion in the elderly, and as. therapeutic and prophylactic drugs for 
diseases such as undifferentiated pancreatic cancer. 

The betacellulin muteins or salts in the present invention or DNA 
encoding them can be used in the conventional manner as the 
aforementioned drugs. For example, they can be orally administered in 
the form of coated or enterically coated tablets, capsules, elixirs, 
microcapsules, and the like, and can be parenterally administered in 
the form of injections such as sterile solutions with water or other 
pharmaceutical ly acceptable liquids, or suspensions. Such preparations 
can be manufactured, for example, by mixing the compounds or salt in 
unit dose formulations required for generally recognized preparations, 
along with physiologically permissible carriers, flavorings, excipients, 
vehicles, antiseptics, stabilizers, binders, and the like. The content 
of the active ingredient in such formulations will give a suitable dose 
within the indicated range. 

[0026] 

Examples of additives which can be miscible with tablets, 
capsules, and the like include binders such as gelatin, corn starch, 
tragacanth gum, and gum arabic, excipients such as crystalline 
cellulose, swellings such as corn starch, gelatin, and alginic acid, 
lubricants such as magnesium stearate, sweeteners such as sucrose, 
-lactose, and saccharin, and flavors such as peppermint, Akamono oil, or 
cherry. In the case of unit formulations in the form of capsule 
preparations, the material can also include a liquid carrier such as a 
lipid. Sterile compositions for injections can be formulated by a 
common method such as dissolving or suspending a naturally produced 
vegetable oil or the like such as sesame oil or coconut oil and the 
active ingredient in a vehicle such as water for injection. 

Examples of aqueous solutions for injection include physiological 
saline, isotonic liquids containing glucose or other adjuvants (such as 
D-sorbitol, D-mannitol, and sodium chloride) . Suitable dissolving aids 
such as alcohols (such as ethanol) , polyalcohols (such as propylene 
glycol and polyethylene glycol) , and nonionic surfactants (such as 
Polysorbate 80™ and HCO-50) can also be used. Examples of oleaginous 
solutions include sesame oil and soybean oil. Examples of dissolution 
aids include benzyl benzoate and benzyl alcohol. 
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Buffers (such as phosphate buffers and sodium acetate buffers) , 
analgesics (such as benzalkonium and procaine hydrochloride) , 
stabilizers (such as human serum albumin and polyethylene glycol) , 
preservatives (such as benzyl alcohol and phenol) , antioxidants, and 
the like can also be blended. Injections are usually packaged in 
suitable ampules. 

The resulting preparation is safe and has low toxicity, and can 
thus be administered, for example, to humans and mammals (such as mice, 
rats, guinea pigs, rabbits, chicken, sheep, pigs, cows, cats, dogs, 
monkeys, sacred baboons, and chimpanzees) . 

The dosage of the betacellulin mutein in the present invention 
varies depending on the subjects condition, etc. The orally 
administered dosage for patients with adult diabetes (per 60 kg body 
weight) is generally about 0.1 to 100 mg per day, preferably about 1.0 
to 50 mg, and even more preferably about 1.0 to 20 mg. The 
parenterally administered dosage at a time varies depending on the 
purpose of administration, the target organ, the subject's condition, 
the method of administration, and so forth. Intravenous injections, 
for example, as to the administration for patients with adult diabetes 
(per 60 kg body weight) are generally about 0.01 to 30 mg per day, 
preferably about 0.1 to 20 mg, and even more preferably about 0.1 to 10 
mg. The dosage for other mammals can also be calculated in terms of 60 
kg. 

[0027] 

Abbreviations for bases, amino acids, and the like in the 
Specification and figures are based on the IUPAC-IUB Commission on 
Biochemical Nomenclature and on abbreviations common in the field. 
Examples are given below. Optical isomers of amino acids are the L 
form, unless otherwise specified. 

[0028] 

DNA: deoxyribonucleic acid 

cDNA: complementary deoxyribonucleic acid 

A: adenine 

T: thymine r 
G: guanine 
C: cytosine 

EDTA: ethyleendiaminetetraacetic acid 

APMSF: (p-amidinophenyl) methanesulf onyl fluoride hydrochloride 
SDS: sodium dodecylsulf ate 
TFA: trif luoroacetic acid 
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t?xy . 


gy JLC lllc 


Ala : 


alanine 


Val : 


valine 


Leu : 


leucine 


lie : 


isoieucine 


Ser : 


serine 




[oo^y j 


Thr : 


threonine 


Cys : 


cysteine 


Met: 


methionine 


Glu: 


glutamic acid 


Asp: 


aspartic acid 


Lys : 


lysine 


Arg: 


arginine 


His- 


histidine 


Phe 


phenylalanine 


Tyr 


tyrosine 


Trp 


tryptophan 


Pro 


proline 


Asn 


: asparagine 


Gin 


: glutamine 



Me: methyl group 
Et: ethyl group 
Bu: butyl group 
Ph: phenyl group 

TC: thiazolidine-4 (R) -carboxamide group 
Bom : benzyloxymethyl 
NMP: N-methylpyrrolidone 
PAM: phenylacetamide methyl 
[0030] 

Substituents, protection groups, and reagents used frequently in 
the Specification are represented by the following symbols. 
Tos: p- toluenesulfonyl 

HONB : N - hydroxy - 5 - norbornene -2,3- di carboxy imide 

Bzl: benzyl group 

Z: benzyloxycarbonyl group 

Br-Z: 2 -bromobenzyloxycarbonyl group 

CI - Z : 2 - chlorobenzyloxycarbonyl group 

Boc: t-butyloxycarbonyl groupHOBt: 1 -hydroxybenztriazole 
DCC: N,N' -dicyclohexylcarbodiimide 
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TFA: trif luoroacetic acid 
Fmoc: N-9-f luorenylmethoxycarbonyl group 
DNP: dinitrophenyl group 
Bum: tertiary butoxymethyl group 
Trt: trityl group 
[0031] 

The SEQ ID NOs: in the Sequence Listing in the specification 
indicate the following sequences. 
[SEQ ID NO: 1] 

Amino acid sequence of betacellulin mutein (BTC1-77) of the present 

invention 

[SEQ ID NO: 2] 

Amino acid sequence of betacellulin mutein (BTC1-76) of the present 

invention 

[SEQ ID NO: 3] 

Amino acid sequence of betacellulin mutein (BTC31-77) of the present 
invention 
[SEQ ID NO: 4] 

Amino acid sequence of betacellulin mutein (BTC31-76) of the present 

invention 

[SEQ ID NO: 5] 

Amino acid sequence of betacellulin mutein (BTC1-76, 78-80) of the 
present invention 
[SEQ ID NO: 6] 

Amino acid sequence of betacellulin mutein (BTC1-76, 78, 79) of the 
present invention 
[SEQ ID NO: 7] 

Amino acid sequence of betacellulin mutein (BTC1-76, 78) of the present 

invention 

[SEQ ID NO: 8] 

Amino acid sequence of betacellulin mutein (BTC1-77, 79, 80) of the 
present invention 
[SEQ ID NO: 9] 

Amino acid sequence of betacellulin mutein (BTC1-77, 80) of the present 

invention 

[SEQ ID NO: 10] 

Amino acid sequence of betacellulin mutein (BTC31-76, 78-80) of the 
present invention 
[SEQ ID NO: 11] 
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Amino acid sequence of betacellulin mutein (BTC31-76, 78, 79) of the 
present invention 
[SEQ ID NO: 12] 

Amino acid sequence of betacellulin mutein (BTC31-76, 78) of the 
present invention 
[SEQ ID NO: 13] 

Amino acid sequence of betacellulin mutein (BTC31-77, 79, 80) of the 
present invention 
[SEQ ID NO: 14] 

Amino acid sequence of betacellulin mutein (BTC31-77, 79) of the 
present invention 
[SEQ ID NO: 15] 

Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 1 
[SEQ ID NO: 16] 

Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 2 
[SEQ ID NO: 17] 

Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 3 
[SEQ ID NO: 18] 

Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 4 
[SEQ ID NO: 19] 

Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 5 
[SEQ ID NO: 20] 

Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 6 
[SEQ ID NO: 21] 

Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 7 
[SEQ ID NO: 22] 

Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 8 
[SEQ ID NO: 23] 

Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 9 
[SEQ ID NO: 24] 
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Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 10 
[SEQ ID NO: 25] 

Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 11 
[SEQ ID NO: 26] 

Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 12 
[SEQ ID NO: 27] 

Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 13 
[SEQ ID NO: 28] 

Base sequence of cDNA encoding betacellulin mutein represented by the 
amino acid sequence of SEQ ID NO: 14 
[SEQ ID NO: 29] 

Base sequence for primer 1 used in Examples 1 and 4 below 
[SEQ ID NO: 30] 

Base sequence for primer 2 used in Examples 1 and 4 below 
[SEQ ID NO: 31] 

Base sequence for primer RI-1 used in Examples 9 below 
[SEQ ID NO: 32] 

Base sequence for primer RI-3 used in Examples 9 below 
[SEQ ID NO: 33] 

Base sequence for primer Rl-lCla used in Examples 9 below 
[SEQ ID NO: 34] 

Base sequence for primer RI-3Xho used in Examples 9 below 
[SEQ ID NO: 35] 

Amino acid sequence for betacellulin 
[SEQ ID NO: 36] 

Base sequence of cDNA encoding betacellulin 
[0032] 

The transformant E. coli MM294 (DE3) /pTCIIBTC77 obtained in 
Example 1 below was deposited under the Accession No. FERM BP- 6584 on 
November 24, 1998 at the National Institute of Bioscience and Human 
Technology (NIBH) , Agency of Industrial Science and Technology, 
Ministry of International Trade and Industry. It was also deposited 
under the Accession No. IFO 16214 on November 2, 1998 at the Institute 
for Fermentation (IFO) . 

The transformant E. coli MM294 (DE3) /pTCIIBTC76 obtained in 
Example 4 below was deposited under the Accession No. FERM BP- 6583 on 
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November 24, 1998 at the National Institute of Bioscience and Human 
Technology, Agency of Industrial Science and Technology, Ministry of 
International Trade and Industry. It was also deposited under the 
Accession No. IFO 16213 on November 2, 1998 at the Institute for 
Fermentation (IFO) . 

[0033] 
[Examples] 

Examples and references are given below to illustrate the present 
invention in further detail, but the scope of the present invention is 
not limited by these examples. 

[0034] 

Example 1 Construction of 77 residue (lacking three C terminal 

residues) betacellulin expression strain 

The 77 residue (lacking three C terminal residues) betacellulin 
structural gene was amplified by PCR from the pB041 betacellulin 
expression plasmid (Seno et al, Growth Factors, 13:181 (1996)) using a 
primer 1 (5 ' -CATATGGATGGGAATTCCACCAGAAGTCCTG) having an Ndel cleavage 
site and start codon adjacent upstream of the structural gene and a 
primer 2 (5 ' -GGATCCCTAGTCAACTCTCTCACACCTTGCTCC) having a stop codon and 
BamHI cleavage site after the aspartic acid at 77 . The gene thus 
amplified by PCR was ligated to the pCR2 . 1 vector using a TA original 
cloning kit (by Invitrogen) to prepare pCR2 . 1/BTC77 . This was 
introduced to E. coli JM109, and transformants were selected using 
ampicillin resistance and (3-galactosidase activity as indicators. 
Transformants having pCR2.1/BTC77 were cultured, and pCR2.1/BTC77 was 
prepared using a QIAprep8 Miniprep kit (by Qiagen) . 

A 77 residue (lacking three C terminal residues) betacellulin 
expression plasmid was constructed in the following manner. pBR322 was 
digested with Ndel, the ends were blunted with T4 DNA polymerase (DMA 
Blunting kit, by Takara Shuzo) , and pBRdesNde lacking the Ndel 
recognition site was prepared by religation. pET3c was digested with 
Bgl II-EcoRV, approximately 0.26 kbp fragments were recovered, the ends 
were blunted with T4 DNA polymerase, and pBR/T7 desNde was produced by 
ligation with the Seal fragment of pBRdesNde. pBR322desBam lacking the 
BamHI recognition site of pBR322 was prepared by site- directed 
mutagenesis (Quick Change, by Stratagene) . The Sphl-EcoRV fragment of 
pBR322desBam was ligated with the Sphl-EcoRV fragment of pBR/T7desNde, 
giving the tetracycline resistance expression vector pTCII. 
pCR2.1/BTC77 was digested with Ndel and BamHI and followed by running 
agarose electrophoresis, and approximately 240 bp of the 77 residue 
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betacellulin structural gene was recovered using the QIAquick Spin 
Purification kit (by Qiagen) . The expression vector pTCII was digested 
with Ndel and BamHI and followed by running agarose electrophoresis, 
and approximately 4.6 kbp bands were similarly recovered. The 77 
residue betacellulin structural gene was ligated with the Ndel -BamHI 
fragment of the pTCII expression vector and then incorporated into E. 
coli JM109 for selection of transf ormants by tetracycline resistance, 
and plasmids were again recovered from the strain, giving the 
expression plasmid pTCIIBTC77. 

The resulting pTCIIBTC77 was incorporated into E. coli MM294 
(DE3) for selection of transf ormants by tetracycline resistance, giving 
the 77 residue betacellulin expression line MM294 (DE3) /pTCIIBTC77 . 
The transf ormant E. coli MM294 (DE3) /pTCIIBTC77 was deposited under the 
Accession No. FERM BP -6584 on November 24, 1998 at the National 
Institute of Bioscience and Human Technology, Agency of Industrial 
Science and Technology, Ministry of International Trade and Industry. 
It was also deposited under the Accession No. IFO 16214 on November 2, 
1998 at the Institute for Fermentation (IFO) . 

[0035] 

Example 2 Culture of 77 residue betacellulin expression strain 

The 77 residue betacellulin expression strain MM294 
(DE3) /pTCIIBTC77 was cultured for 16 hours at 30°C in 1 L of LB medium 
(1% peptone, 0.5% yeast extract, 0.5% sodium chloride) containing 10 
mg/L tetracycline. 150 mL of the resulting culture was used to 
inoculate 2 L jar fermenters containing 1.5 L primary fermentation 
medium (1.68% sodium monohydrogen phosphate, 0.3% sodium dihydrogen 
phosphate, 0.1% ammonium chloride, 0.05% sodium chloride, 0.024% 
magnesium sulfate, 0.02% Nupol LB- 625 , 0.0005% thiamine hydrochloride, 
1.5% glucose, 1.0% casamino acid, 1.0% yeast extract) and the culture 
was started with aeration and agitation under conditions of 500 rpm, an 
air flow rate of 2 L/min, and a temperature of 37°C. When the 
turbidity of the culture reached about 1200 Klett units, 5.95 mg/L 
isopropyl-P-D- thiogalactopyranoside (IPTG) was added. 0.75% glucose 
was added 1 and 2.5 hours after IPTG addition, and the culture 
continued until 9 hours after the start of culture. The culture broth 
was centrifuged for 30 minutes at 10,000 rpm to collect the cells. 
[0036] 

Example 3 Purification of Met-77 residue betacellulin 

10 mL of 0.1 M Tris-HCl (pH 8.0) containing 1 mM EDTA, 1 mM APMSF, 
and 7 M guanidine hydrochloride was added to 5 g of cells obtained in 
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Example 2, the mixture was stirred over night at 4°C for extraction, 
and then centrifuged (20 min at 10,000 rpm) . 250 mL of 50 mM Tris-HCl 
(pH 8.0) containing 0.5 mM oxidized type glutathione, 1 mM reduced type 
glutathione, 1 mM EDTA, 0.1 M arginine hydrochloride, and 2 M urea was 
added to 10 mL of the resulting supernatant for refolding overnight at 
4°C, followed by centrifugation (20 min at 10,000 rpm), resulting in 
260 mL of supernatant. The supernatant was concentrated using a YM3 
membrane (fraction molecular weight: 3000, by Millipore) . 120 mL of 2 
M urea was added to 80 mL of the desalted concentrate, and the pH was 
then adjusted to 5.0 with hydrochloric acid. Supernatant obtained upon 
20 min of centrifugation at 10,000 rpm was adsorbed at a flow rate of 
10 mL/min onto a SP-Toyopearl 650 M column (2.2 cm * 12 cm, by Tosoh) 
equilibrated with 50 mM sodium acetate buffer (pH 5.0) # and the column 
was washed with the buffer used for equilibration, followed by elution 
with a linear gradient of 0 to 1 . 0 M sodium chloride. Fractions 
containing the Met-77 residue betacellulin were collected, one third of 
the fraction was adsorbed to a C4P-50 column (1.0 cm * 25 cm, by Showa 
Denko) equilibrated with 0.1% trif luoroacetic acid, and the Met-77 
residue betacellulin was eluted with a linear gradient of 13.5 to 21.2% 
acetonitrile. Eluate obtained by two more of the same operations was 
dialyzed against 0.02% trif luoroacetic acid and lyophilized. The 
lyophilized powder was dissolved in 10 mL distilled water, allowed to 
flow through an AG1-X8 column (1.0 cm x 10 cm, by Nippon Biorad) 
treated with acetic acid, and then again lyophilized, giving 8 mg of 
Met-77 residue betacellulin. 
[0037] 

Example 4 Construction of 76 residue (lacking four C terminal 

residues) betacellulin expression plasmid 

The 76 residue (lacking four C terminal residues) betacellulin 
structural gene was amplified by PGR from the pTCIl/BTC77 constructed 
in Example 1 using primer 1 (5 ' -CATATGGATGGGAATTCCACCAGAAGTCCTG) having 
an Ndel cleavage site and start codon adjacent upstream of the 
structural gene and a primer 2 ( 5 ' - GGATCCCTAAACTCTCTCACACCTTGCTCCAATG) 
having a stop codon and BamHI cleavage site after the valine at 76. 
The gene thus amplified by PCR was ligated to the pCR2.1 vector using a 
TA original cloning kit (by Invitrogen) to prepare pCR2 . 1/BTC76 . This 
was introduced to E. coli JM109, and transformants were selected using 
ampicillin resistance and (3-galactosidase activity as indicators. 
Transformants having pCR2.1/BTC76 were cultured, and pCR2.1/BTC76 was 
prepared using a QIAprep8 Miniprep kit (by Qiagen) . 
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A 76 residue (lacking four C terminal residues) betacellulin 
expression plasmid was constructed in the following manner. 
pCR2.1/BTC76 was digested with Ndel and BamHI and followed by running 
agarose electrophoresis, and approximately 24 0 bp of the 76 residue 
betacellulin structural gene was recovered using the QIAquick Spin 
Purification kit (by Qiagen) . The expression vector pTCII obtained in 
Example 1 was digested with Ndel and BamHI and followed by running 
agarose electrophoresis, and approximately 4.6 kbp bands were similarly 
recovered. The 76 residue betacellulin structural gene was ligated 
with the Ndel -BamHI fragment of the pTCII expression vector and then 
incorporated into E. coli JM109 for selection of transformants by 
tetracycline resistance, and plasmids were again recovered from the 
strain, giving the expression plasmid pTCIIBTC76. 

The resulting pTCIIBTC76 was incorporated into E. coli MM294 
(DE3) for selection of transformants by tetracycline resistance, giving 
the 76 residue betacellulin expression strain MM294 (DE3) /pTCIIBTC76 . 
The transformant E. coli MM294 (DE3) /pTCIIBTC76 was deposited under the 
Accession No. FERM BP- 6583 on November 24, 1998 at the National 
Institute of Bioscience and Human Technology, Agency of Industrial 
Science and Technology, Ministry of International Trade and Industry. 
It was also deposited under the Accession No. IFO 16213 on November 2, 
1998 at the Institute for Fermentation (IFO) . 

[0038] 

Example 5 Culture of 76 residue betacellulin expression line 

The 76 residue betacellulin expression line MM294 
(DE3) /pTCIIBTC76 was cultured for 16 hours at 30°C in 1 L of LB medium 
(1% peptone, 0.5% yeast extract, 0.5% sodium chloride) containing 10 
mg/L tetracycline. The resulting culture was used to inoculate 50 L 
fermenter tanks containing 20 L primary fermentation medium (1.68% 
sodium monohydrogen phosphate, 0.3% sodium dihydrogen phosphate, 0.1% 
ammonium chloride, 0.05% sodium chloride, 0.024% magnesium sulfate, 
0.02% Nupol LB-625, 0.0005% thiamine hydrochloride, 1.5% glucose, 1.0% 
casamino acid, 1.0% yeast extract) and the culture was started with 
aeration and agitation under the conditions of 210 rpm, an air flow 
rate of 20 L/min, and a temperature of 37°C. When the turbidity of the 
culture reached about 1200 Klett units, 5.95 mg/L isopropyl -fJ-D- 
thiogalactopyranoside (IPTG) was added. 0.75% glucose was added 2 and 
3.5;hours after IPTG addition, and the culture continued until 11 hours 
after the start of culture. The culture broth was centrifuged for 30 
minutes at 10,000 rpm to collect 540 g of the cells. 
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[0039] 

Example 6 Purification of Met-76 residue betacellulin 

1.0 L of 0.1 M Tris-HCl (pH 8.0) containing 1 mM EDTA. 1 mM APMSF, 
and 7 M guanidine hydrochloride was added to 375 g of cells obtained in 
Example 5, the mixture was stirred over night at 4°C for extraction, 
and then centrifuged (20 min at 10, 000 rpm) . 19 L of 50. mM Tris-HCl 
(pH 8.0) containing 0 . 5 mM oxidized type glutathione, 1 mM reduced type 
glutathione, 1 mM EDTA, 0.1 M arginine hydrochloride, and 2 M urea was 
added to 1.0 L of the resulting supernatant for refolding overnight at 
4°C, followed by centrifugation (20 min at 10,000 rpm). resulting in 20 
L supernatant. The supernatant was concentrated using a Pelicon 
cassette system (fraction molecular weight: 5000, by Millipore) . 13.2 
L of 2 M urea was added to 3.3 L of the desalted concentrate, and the 
pH was then adjusted to 5.0 with hydrochloric acid. The concentrate 
was adsorbed at a flow rate of 30 mL/min onto a Poros 50HS column (2.2 
cm x 12 cm, by Nippon Perceptive) equilibrated with 50 mM sodium 
acetate buffer (pH 5.0), and the column was washed with the buffer used 
for equilibration, followed by elution with a linear gradient of 0.3 to 
1.3 M sodium chloride. Fractions containing the 76 residue 
betacellulin were collected, diluted 3-fold with distilled water, then 
applied to a TSKgel CM-5PW column (2.15 cm * 15 cm, by Tosoh) 
equilibrated with 50 mM sodium acetate (pH 4.5) . Fractions were eluted, 
from the TSKgel CM-5PW column onto which the Met-76 residue 
betacellulin had been adsorbed, with a linear gradient of 0.24 to 0.44 
M sodium chloride. Fractions containing the Met-76 residue 
betacellulin were collected and adsorbed to a TSKgel ODS-120T column 
(2.15 cm * 30 cm, by Tosoh) equilibrated with 0.1% trif luoroacetic acid, 
and the Met-76 residue betacellulin was eluted with a linear gradient 
of 17 to 24% acetonitrile. The eluate was dialyzed against 0.02% 
trif luoroacetic acid and lyophilized. The lyophilized powder was 
dissolved in 10 mL distilled water, allowed to flow through an AG1-X8 
column (1.0 cm x 10 cm, by Nippon Biorad) treated with acetic acid, and 
then again lyophilized. giving 93 mg of Met-76 residue betacellulin. 
[0040] 

Example 7 characterization of betacellulin muteins 

The Met-77 residue betacellulin nvutein obtained in Example 3 and 
the Met-76 residue betacellulin mutein obtained in Example 6 were 
characterized in the following manner, 
a) Analysis by SDS-PAGE 
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The betacellulin muteins and Met- 80 residue betacellulin prepared 
by the method in Japanese Unexamined Patent Application (Kokai) H10- 
191989 were suspended in sample buffer (125 mM Tris-HCl, 1% sodium 
dodecyl sulfate, 15% glycerol, 5% 2-mercaptoethanol, 0.005% bromophenol 
blue), and were electrophoresed on Multigel 15/25 {Dai'ichi Kagaku 
Yakuhin) . Staining of the electrophoresed gel with Rapid CBB Kanto 
(Kanto Chemical) revealed a single band in virtually all cases (Figure 
1) . 

b) Analysis of amino acid composition 

The betacellulin muteins were hydrolyzed in the gas phase for 24 
and 48 hours at 110°C with 6 N hydrochloric acid containing 4% 
thioglycolic acid, and the amino acid composition was determined with 
an amino acid analyzer (Hitachi L-8500A Amino Acid Analyzer) . The 
results showed that both muteins contained methionine derived from the 
start codon ATG, and were consistent with the amino acid composition 
deduced from the cDNA base sequences (Tables 1 and 2) . 



Table 1: analysis of amino acid composition of 77 residue betacellulin 





Number of residues 
per mol 


Theoretical value 


Asx 


7.2 


7 


Thr 


6.0 


6 


Ser 


4.6 


5 


Glx 


9.1 


9 


Pro 


3.9 


4 


Gly 


7.1 


7 


Ala 


4.0 


4 


Val 


3.7 


4 


Met 


0.9 


1 


He 


2.0 


2 


Leu 


2.1 


2 


Tyr 


3.0 


3 


Phe 


2.1 


2 


Lys 


5.0 


5 


His 


3.0 


2 


Arg 


6.8 


7 


Cys 


ND 


8 



Table 2: analysis of amino acid composition of 76 residue betacellulin 
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Number of residues 
ner mol 


Theoretical value 


Asx 


6 . 2 


6 


Thr 


6 . 1 


6 


Ser 


5 . 1 


5 


Glx 


9 4 


9 


Pro 




4 


Gly 


7 4 


7 


Ala 


A T 


4 


Val 


J . o 


4 


Met 


n n 
1 . U 


x 


He 


2 . U 


2 


Leu 


Z . U 


2 


Tyr 


3 . 1 




PhD 

IT XI" 


2 . 1 


2 


Lys 


5.0 


5 


His 


2.3 


2 


Arg 


7.1 


7 


Cys 


ND 


8 



[0041] 

c) Analysis of N terminal amino acid sequence 

The N terminal amino acid sequence was analyzed using a gas phase 
protein sequencer (Applied Biosystems, Model 477A) . The results showed 
that both muteins were consistent with the amino acid composition 
deduced from the cDNA base sequences. Both muteins had N terminal 
methionines derived from the start codon ATG just as the 80 residue 
type did (Tables 3 and 4) . 



Table 3: Analysis of N terminal amino acid sequence of 77 residue 
betacellulin 





PTH- amino acid detected 
(prnole) 


Amino acid deduced 
from base sequence 


1 


Met (809) 


(Met) 


2 


Asp (492) 


Asp 


3 


Gly (615) 


Gly 


4 


Asn (425) 


Asn 


5 


Ser (161) 


Ser 


6 


Thr (276) 


Thr 
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7 


Arg (253) 


Arg 


8 


Ser (66) 


Ser 


9 


Pro (168) 


Pro 


10 


Glu (127) 


Glu 


Table 4: Analysis of N terminal amino acid sequence of 76 residue 
betacellulin 




PTH- amino acid detected 
(pmole) 


Amino acid deduced 
from base sequence 


1 


Met (195) 


(Met) 


2 


Asp (213) 


Asp 


3 


Gly (413) 


Gly 


4 


Asn (292) 


Asn 


5 


Ser (99) 


Ser 


6 


Thr (151) 


Thr 


7 


Arg (198) 


Arg 


8 


Ser (54) 


Ser 


9 


Pro (149) 


Pro 


10 


Glu (79) 


Glu 



[0042] 

d) Analysis of C terminal amino acids 

The C terminal amino acids were determined using an amino acid 
analyzer (Hitachi L-8500A Amino Acid Analyzer) by gas phase hydrazine 
decomposition (6 hours at 100°C) . Aspartic acid was detected in the 
Met-77 residue betacellulin, and valine was detected in the Met-76 
residue betacellulin (Tables 5 and 6) . 

Table 5 

Analysis of C terminal amino acid in 77 residue betacellulin 

Asp (yield: 32.5%) 



Table 6 

Analysis of C terminal amino acid in 76 residue betacellulin 

Val (yield: 77.8%) 



[0043] 

Example 8 Assay of growth promoting activity using 3T3 cells 

As described in Molecular Cell Biology, 8:588 (1988), the growth 
promoting activity was assayed by means of the 3 H- thymidine uptake into 
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stationary 3T3 A31-714 Clone 4 {International Journal of Cancer, 12:463 
(1973) ) . 

Specifically, using Dulbecco's modified Eagle MEM medium 
containing 5% bovine serum, 100 uL 3T3 A3 1-714 Clone 4 suspended to 
1000 cells/mL were inoculated in 96 well plates and cultivated for a 
day at 37°C in carbon dioxide gas incubators (5% carbon dioxide gas, 
95% air) . 7 5 uL of supernatant was taken, and 100 uL of serum- free 
Dulbecco's modified Eagle MEM medium was added to adjust the serum 
concentration to 1%. Two more days of culture was followed by the 
addition of varying concentrations of the Met-77 residue betacellulin 
prepared in Example 3, the Met-76 residue betacellulin prepared in 
Example 6, and the Met- 80 residue betacellulin prepared in accordance 
with the method described in Japanese Unexamined Patent Application 
(Kokai) H10- 191989. 16 hours after addition of betacellulin, 3 H- 
thymidine (Amersham Pharmacia Biotech) was added in an amount of 0.25 
uCi/well, after 4 hours the cells were washed 3 times with PBS, 100 UL 
of 5% SDS was added, and the cells were lysed. The cell lysate was 
transferred to scintillation vials. 1 mL of Scintillator A (Wako Pure 
Chemicals) was added, and the uptake of 3 H- thymidine into the cell was 
measured with a scintillation counter (Figure 2) . 
[0044] 

Example 9 Assay of P cell differentiation promoting activity 

using AR42J cells 

Cells of the AR42J cell line derived from pancreatic cancer 
induced by chemical carcinogens (Christophe, Am. J. Physiol., 266:G963 
(1994)) were suspended to a concentration of 10 s cells/mL using 
Dulbecco's modified Eagle MEM medium containing 10% fetal calf serum 
and the Met-77 residue betacellulin prepared in Example 3, the Met-76 
residue betacellulin prepared in Example 6, or the Met- 80 residue 
betacellulin prepared in accordance with the method in Japanese 
Unexamined Patent Application (Kokai) H10- 191989. 500 UL of these 
suspensions were inoculated to chamber slides and incubated for 5 days 
at 37°C in carbon dioxide gas incubators (5% carbon dioxide gas, 95% 
air) . After 5 days, the cells were washed once with PBS, fixed in 10% 
formaldehyde, and treated for 5 min with 0.1% Triton X-100. Block Ace 
(Snow Brand, Japan) was then added for 40 minutes of blocking at room 
temperature. Anti- insulin antibodies (by Advanced Immunochemicals) 
diluted with 10% Block Ace were added, and a reaction was performed for 
40 minutes at room temperature. 0.1% Triton X-100 was added, the 
reaction solution was allowed to stand for 5 minutes at room 
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temperature, and the cells were then washed three times with PBS. FITC 
(fluorescein isothiocyanate) labeled anti -mouse IgG antibodies (Cappel) 
diluted with 10% Block Ace were added, and a reaction was brought about 
for 40 minutes. 0.1% Triton X-100 was added, the reaction solution was 
allowed to stand for 5 minutes, the cells were then washed three times 
with PBS, and they were then observed under a fluorescent microscope. 
Stained cells, that is, cells which had differentiated into insulin- 
producing P cells were found in all cases involving the addition of 
betacellulin (Figure 3) . 
[0045] 

Example 10 Construction of human placenta alkaline phosphatase gene 
expression vector 

The differentiation promoting activity into p cells was also 
determined using AR42J cells transformed with the vector having 
alkaline phosphatase which had been ligated as a reporter downstream of 
the insulin promoter. Specifically, cells which have differentiated 
into P cells by addition of betacellulin produce alkaline phosphatase. 
As a result, by assaying the alkaline phosphatase activity, the 
differentiation promoting activity into P cells can be quantitatively 
assayed. 

Genomic DNA was prepared in the conventional manner from rat tail. 
The 0.75 kb insulin promoter region was amplified by PCR with a primer 
RI - 1 ( 5 » - AGAGTCAAGGATCCCCCAACCACT - 3 ' ) and a primer RI - 3 
(5 • -AGCTGGTCACTTAGGGCTGGGG-3 1 ) based on the base sequence of the well 
known rat insulin II gene promoter (GenBank: Accession No. J00748) 
using the genomic DNA as template. PCR was also carried out using 
primers Rl-lCla (5 ' -GAATCGATAGAGTCAAGGATCCCCCA- 3 1 ) and RI-3Xho 
(5 * -GACTCGAGCTGGTCACTTAGGG- 3 ' ) using the PCR product as template. The 
amplified 0.75 kb DNA fragments were isolated, and the pTB1881 plasmid 
obtained upon insertion into the pT7 Blue vector (Novagen 69820-1) was 
used to sequence the base sequence of the cloned fragments, confirming 
that they were the rat insulin promoter. The pTB1881 plasmid was 
digested with Xhol-Clal, giving 0.73 kb DNA fragments (rat insulin 
promoter) . The pTB1330 plasmid for the expression of 2 . 0 kb cDNA (J. 
Berger et al., Gene, 66, 1 (1988)) encoding human placenta alkaline 
phosphatase (PLAP) was digested with Xhol-Hindlll . The resulting 2.7 
kb DNA fragments (PLAP cDNA, containing an SV40- derived splicing site 
and polyA addition site, pBR322 -derived ori, and ampicillin resistance 
gene) were isolated, and the aforementioned rat insulin promoter region 
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0.73 kb Xhol-Call fragment was ligated by T4 DNA ligase reaction, 
giving the plasmid pTB1898. 
[0046] 

Example 11 Construction of PLAP expression AR42J cells 

The pMCneopolyA plasmid (Stratagene) containing the neo r gene of 
Tn5 and the PLAP expression plasmid pTB1898 were simultaneously 
introduced into AR42J cells using the transfection reagent TransIT™-LTl 
(Mirus. Penvera Corporation) . The plasmid introduced cells were then 
cultured for 2 days in DMEM supplemented with 10% fetal calf serum, and 
the culture was then continued in selection medium supplemented with 
800 ug/mL G418 (geneticin. Gibco BRL) . Clones were isolated by 
limiting dilution of cells growing with G418 resistance. 

Cells of each clone were seeded to 24 well plates and cultured 
for 4 days with and without the addition of 20 ng/mL Met- 80 residue 
betacellulin. The supernatant was collected and heat treated for 30 
minutes at 65»C, and the alkaline phosphatase activity in. the media was 
then assayed. Clones showing increased alkaline phosphatase activity 
with the addition of 80 -residue betacellulin were selected. The 
results with several clones are given in Table 7 below. 



IdJJlc / 

Clones 


PT.AP ^hivifv (A 405) 


No BTC added 


BTC added 


AR1898-033 


0.034 


0.366 


AR1898-053 


0.008 


0. 089 


AR1898-0192 


0.077 


0.752 



[0047] 

Example 12 Assay of (3 cell differentiation promoting activity using 
PLAP expression AR42J cells 

The PLAP expression AR42J cells constructed in Example 11 were 
suspended to a concentration of 10 5 cells/mL using Dulbecco's modified 
Eagle MEM medium containing 10% fetal calf serum and varying 
concentrations of the Met-77 residue betacellulin prepared in Example 3, 
the Met-76 residue betacellulin prepared in Example 6, or the Met- 80 
residue betacellulin prepared in accordance with the method in Japanese 
Unexamined Patent Application (Kokai) H10-191989. 100 uL of these 
suspensions were inoculated to 96 well plates and incubated for 5 days 
at 37°C in carbon dioxide gas incubators (5% carbon dioxide gas. 95% 
air). After 5 days, the supernatant was taken and treated for 30 
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minutes at 65°C, and 50 pL was added to 96 -well microplates containing 
50 jjL of 2XSEAP (2M diethanol amine, 1 mM MgCl 2 , 20 mM homoarginine) . 
The samples were maintained for 10 minutes at 37°C, 10 pL of 20 mg/mL 
p-nitrophenylphosphoric acid (Sigma) was then added, and a reaction was 
brought about for 16 hours at 37°C (Figure 4) . The Met-77 residue 
betacellulin and Met -76 residue betacellulin showed virtually the same 
promoting activity in inducing differentiation as the Met -80 residue 
betacellulin. 
[0048] 
[SEQ ID NO: 1] 
Sequence length: 77 
Type: amino acid 
Topology : 1 inear 
Kind: peptide 
[Sequence Listing] 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

15 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr lie Gly Ala Arg Cys Glu Arg Val Asp 
65 70 75 

[0049] 
[SEQ ID NO: 2] 
Sequence length: 76 
Type: amino acid 
Topology: linear 
Kind: peptide 
[Sequence Listing] 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

15 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 
50 ,55 60 
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Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val 
65 70 75 

[0050] 

[SEQ ID NO: 3] 
Sequence length: 47 
Type: amino acid 
Topology: linear 
Kind: peptide 

[Sequence Listing] 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 

1 5 10 15 

lie Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp 
35 40 45 

[0051] 
[SEQ ID NO: 4] 
Sequence length: 46 
Type: amino acid 
Topology: linear 
Kind: peptide 
[Sequence Listing] 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 

1 5 10 15 

He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr 116 Gly Ala Arg Cys Glu Arg Val 
35 40 45 

[0052] 
[SEQ ID NO: 5] 
Sequence length: 79 
Type: amino acid 
Topology: linear 
Kind: peptide 
[Sequence Listing] 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

! 5 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg -Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 



41 



THIS PAGE BLANK (uspto) 



H10-350377 



35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu Phe Tyr 
65 70 75 

[0053] 
[SEQ ID NO: 6] 
Sequence length: 78 
Type: amino acid 
Topology : 1 inear 
Kind: peptide 
[Sequence Listing] 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

15 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu Phe 
65 70 75 

[0054] 
[SEQ ID NO: 7] 
Sequence length: 77 
Type: amino acid 
Topology: linear 
Kind: peptide 
[Sequence Listing] 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

1 5 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu 
65', .'70 75 

[0055] 
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[SEQ ID NO: 8] 
Sequence length: 79 
Type: amino acid 
Topology: linear 
Kind: peptide 

[Sequence Listing] 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

1 5 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Phe Tyr 
65 70 75 

[0056] 
[SEQ ID NO: 9] 
Sequence length: 78 
Type: amino acid 
Topology: linear 
Kind: peptide 
[Sequence Listing] 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

15 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Phe 
65 70 75 

[0057] 
[SEQ ID NO: 10] 
Sequence length: 49 
Type: amino acid 
Topology: linear 
Kind: peptide 
[Sequence Listing] 
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Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 

15 10 15 

He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu Phe 
35 40 45 

Tyr 

[0058] 

[SEQ ID NO: 11] 
Sequence length: 48 
Type: amino acid 
Topology : 1 inear 
Kind: peptide 

[Sequence Listing) 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 

15 10 15 

He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu Phe 
35 40 45 

[0059] 
[SEQ ID NO: 12] 
Sequence length: 47 
Type: amino acid 
Topology: linear 
Kind: peptide 
[Sequence Listing] 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 

1 5 10 15 

He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Leu 
35 40 45 

[0060] 
[SEQ ID NO: 13] 
Sequence length: 49 
Type: amino acid 
Topology: linear 
Kind: peptide 
[Sequence Listing] 
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Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 

1 5 io 15 

He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Phe 
35 40 45 

Tyr 

[0061] 

[SEQ ID NO: 14] 
Sequence length: 48 
Type: amino acid 
Topology: linear 
Kind: peptide 

[Sequence Listing] 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 

15 10 15 

He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys 

20 25 30 

Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Phe 
35 40 45 

[0062] 
[SEQ ID NO: 15] 
Sequence Length: 231 
Type: nucleic acid 

Number of strands: double- stranded 
Topology : 1 inear 
Kind: cDNA 

Method for characterization: S 
[Sequence Listing] 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 
AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 
CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGACGCCC 180 
TCCTGTGTCT GTGATGAAGG CTACATTGGA GCAAGGTGTG AGAGAGTTGA C 231 
[SEQ ID NO: 16] 
Sequence Length: 228 
Type: nucleic acid 
Number of strands: double -stranded 
Topology : 1 inear 
Kind: cDNA 

Method for characterization: S 
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[Sequence Listing] 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 
AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 
CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGACGCCC 180 
TCCTGTGTCT GTGATGAAGG CTACATTGGA GCAAGGTGTG AGAGAGTT 228 
[SEQ ID NO: 17] 
Sequence Length: 141 
Type: nucleic acid 

Number of strands: double -stranded 
Topology: linear 
Kind: cDNA 

Method for characterization: S 
[Sequence Listing] 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 
GCAAGGTGTG AGAGAGTTGA C 141 
[SEQ ID NO: 18] 
Sequence Length: 138 
Type: nucleic acid 

Number of strands: double - stranded 
Topology : 1 inear 
Kind: cDNA 

Method for characterization: S 
[Sequence Listing] 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 
GCAAGGTGTG AGAGAGTT 138 

[SEQ ID NO: 19] 
Sequence Length: 237 
Type: nucleic acid 

Number of strands: double -stranded 
Topology : 1 inear 
Kind : cDNA 

Method for characterization: S 
[Sequence Listing] 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 
AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 
CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGACGCCC 180 
TCCTGTGTCT GTGATGAAGG CTACATTGGA GCAAGGTGTG AGAGAGTTTT GTTTTAC 237 
[SEQ ID NO: 20] 
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Sequence Length: 234 
Type: nucleic acid 

Number of strands: double- stranded 
Topology: linear 
Kind: cDNA 

Method for characterization: S 
[Sequence Listing] 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 
AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 
CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGACGCCC 180 
TCCTGTGTCT GTGATGAAGG CTACATTGGA GCAAGGTGTG AGAGAGTTTT GTTT 234 
[SEQ ID NO: 21] 
Sequence Length: 231 
Type: nucleic acid 

Number of strands: double- stranded 
Topology : 1 inear 
Kind: cDNA 

Method for characterization: S 
[Sequence Listing] 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 
AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 
CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGACGCCC 180 
TCCTGTGTCT GTGATGAAGG CTACATTGGA GCAAGGTGTG AGAGAGTTTT G 231 
[SEQ ID NO: 22] 
Sequence Length: 237 
Type: nucleic acid 

Number of strands: double- stranded 
Topology: linear 
Kind: cDNA 

Method for characterization: S 
[Sequence Listing] 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 
AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 
CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGACGCCC 180 
TCCTGTGTCT GTGATGAAGG CTACATTGGA GCAAGGTGTG AGAGAGTTGA CTTTTAC 237 
[SEQ ID NO: 23] 
Sequence Length: 234 
Type: nucleic acid 
w Number of strands: double -stranded 
Topology: linear 
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Kind: cDNA 

Method for characterization: S 
[Sequence Listing] 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 
AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 
CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGACGCCC 180 
TCCTGTGTCT GTGATGAAGG CTACATTGGA GCAAGGTGTG AGAGAGTTGA CTTT 234 
[SEQ ID NO: 24] 
Sequence Length: 147 
Type: nucleic acid 

Number of strands: double- stranded 
Topology : 1 inear 
Kind : cDNA 

Method for characterization: S 
[Sequence Listing] 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 
GCAAGGTGTG AGAGAGTTTT GTTTTAC 147 
[SEQ ID NO: 25] 
Sequence Length: 144 
Type: nucleic acid 

Number of strands: double- stranded 
Topology: linear 
Kind : cDNA 

Method for characterization: S 
[Sequence Listing] 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 
GCAAGGTGTG AGAGAGTTTT GTTT 144 

[SEQ ID NO: 26] 
Sequence Length: 141 
Type: nucleic acid 

Number of strands: double- stranded 
Topology : 1 inear 
Kind : cDNA 

Method for characterization: S 
[Sequence Listing] 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 
GCAAGGTGTG AGAGAGTTTT G 141 
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[SEQ ID NO: 27] 
Sequence Length: 147 
Type: nucleic acid 
Number of strands: double -stranded 
Topology: linear 
Kind: cDNA 

Method for characterization: S 
[Sequence Listing] 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 
GCAAGGTGTG AGAGAGTTGA CTTTTAC 147 
[SEQ ID NO: 28] 
Sequence Length: 144 
Type: nucleic acid 

Number of strands: double- stranded 
Topology: linear 
Kind : cDNA 

Method for characterization: S 
[Sequence Listing] 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA -60 
TGCCGCTTCG TGGTGGCCGA GCAGACGCCC TCCTGTGTCT GTGATGAAGG CTACATTGGA 120 
GCAAGGTGTG AGAGAGTTGA CTTT 144 

[0063] 
[SEQ ID NO: 29] 
Sequence Length: 31 
Type: nucleic acid 

Number of strands: single -stranded 
Topology: linear 

Kind: other nucleic acid, synthetic DNA 
[Sequence Listing] 

CATATGGATG GGAATTCCAC CAGAAGTCCT G 31 
[SEQ ID NO: 30] 
Sequence Length: 33 
Type: nucleic acid 
Number of strands: single- stranded 
Topology: linear 

Kind: other nucleic acid, synthetic DNA 
[Sequence Listing] 

GGATCCCTAG TCAACTCTCT CACACCTTGC TCC 33 
[SEQ ID NO: 31] 
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Sequence Length: 24 

Type: nucleic acid 

Number of strands: single- stranded 

Topology: linear 

Kind: other nucleic acid, synthetic DNA 

[Sequence Listing] 
AGAGTCAAGG ATCCCCCAAC CACT 

[SEQ ID NO: 32] 
Sequence Length: 22 
Type: nucleic acid 

Number of strands: single- stranded 
Topology: linear 

Kind: other nucleic acid, synthetic DNA 

[Sequence Listing] 
AGCTGGTCAC TTAGGGCTGG GG 

[SEQ ID NO: 33] 
Sequence Length: 26 
Type: nucleic acid 

Number of strands: single- stranded 
Topology : 1 inear 

Kind: other nucleic acid, synthetic DNA 

[Sequence Listing] 
GAATCGATAG AGTCAAGGAT CCCCCA 

[SEQ ID NO: 34] 
Sequence Length: 22 
Type: nucleic acid 

Number of strands: single -stranded 
Topology: linear 

Kind: other nucleic acid, synthetic DNA 

[Sequence Listing] 
GACTCGAGCT GGTCACTTAG GG 

[SEQ ID NO: 35] 
Sequence length: 80 
Type: amino acid • 
Topology: linear 
Kind: peptide 

[Sequence Listing] 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

1 5 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 
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20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Leu Phe Tyr 
65 70 75 80 

[SEQ ID NO: 36] 
Sequence length: 240 
Type: amino acid 
Topology: linear 
Kind: peptide 

Method for characterization: S 
[Sequence Listing] 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 
AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 
CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGACGCCC 180 
TCCTGTGTCT GTGATGAAGG CTACATTGGA GCAAGGTGTG AGAGAGTTGA CTTGTTTTAC 240 
[0064] 

[Effect of the Invention] 

The betacellulin muteins and their salts of the present invention 
have reduced EGF activity and intact BTC activity, with no 
antigenicity -related problems. They are thus useful as better 
therapeutic drugs for diabetes. 
[0065] 

[Brief Description of the Drawings] 

[Figure 1] This illustrates the results of electrophoresis of 
betacellulin muteins (mutated proteins) in Example 7. 
[Figure 2] This illustrates the results of the cellular uptake of 3 H- 
thymidine in Example 8. 

[Figure 3] This illustrates fluorescent micrograms for cells 
differentiated into P cells in Example 9. 

[Figure 4] This illustrates the results for P cell differentiation 
promoting activity in Example 12. 
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[Document] Abstract>-$d2!*^ 
[Abstract] 

[Problem to be solved by the Invention] The present invention 
provides a better therapeutic drug for diabetes. 

[Means for solving a problem] A betacellulin mutein or salt 
thereof, wherein 1 to 40 amino acid residues from the N terminal of the 
betacellulin may be deleted, and 1 to 4 amino acid residues of the 
first through fourth amino acid residues from the C terminal, including 
the Leu at 3 from the C terminal and the Asp at 4 from the C terminal, 
may be deleted or substituted with other amino acid residues or other 
peptide chains. 

[Effect of the Invention] The betacellulin mutein or its salt of 
the present invention is useful for better therapeutic drug for 
diabetes, since they have intact BTC activity and reduced EGF activity, 
and no antigenicity -related problems. 
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[Fig. 2] 
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